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WD 2008/ 006712 PCT/ EP2007/ 056560 | MPROVEMENTS

RELATI NG TO NANODI SPERSI ONS Technical Field 5 The
w@r@send71t nvention relates to dried conpositi oPeT/MP2001056560

form so-called "nano dispersions' when placed in

wat er or other solvents and deliver a material which

is not normally soluble in.;water or said other

sol vent. 10 Background to the Invention Many

potentially useful materials are insoluble or at best

15 only SIMPRONEMENTES LREIATINGETE NANOD ESRPEREEQINS

significant Timts on their useful ness or requires

that they are used in conbination with solvents which

al nost al ways nore expensive than water and whi ch nay

have physi ol ogical inconpatibilities or environnental
TeehgdigaleFiedd CQur co-pending applications including GB

0501835.3 relate to the use of enul sions of

i mm sci ble solvents to prepare a poorly soluble
Theapeesait i imventoom itdaitdss thaprthy cdirgpersobt ewhildnh form

the above-nentioned applications a 25 “carrier'
SOTREetFAl 1 HLEBCRS KUY adtaht PorCe pdl YRERY ¢% other
sodi-egelved i 1aRe204eRUSSQhVaAL K tYPILAl hy Wat eF)sARthie in

a water-insoluble "payload material is dissolved in
wagenopr safbcddesobyventnt .An enul si on of the aqueous and

non- aqueous solutions is prepared and then dri ed,

such as by freeze or 30 spray drying, to forma

material which is believed to conprise a nano-scale

di spersion of _an _insol ubl e " payl oad
Background to the Invention

Many potentially useful materials are insoluble or at best
only sparingly soluble in water. This places significant
limits on their usefulness or requires that they are used in
combination with solvents which almost always more expensive
than water and which may have physiological

incompatibilities or environmental negatives.

Our co-pending applications including GB 0501835.3 relate to
the use of emulsions of immiscible solvents to prepare a
poorly soluble material in a form that is rapidly
dispersible. 1In the above-mentioned applications a
‘carrier’ material (such as a surfactant or a polymer) is
dissolved in an aqueous solvent (typically water) and a
water-insoluble ‘payload’ material is dissolved in a non-
agqueous solvent. An emulsion of the agueous and non-agueous
solutions is prepared and then dried, such as by freeze or
spray drying, to form a material which is believed to

comprise a nano-scale dispersion of an insoluble ‘payload’
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WD 2008/ 006712 PCT/ EP2007/ 056560 -2 material in a
soluble matrix formed fromthe “carrier' material. A
wa@ 2ovsloag71appr oach can be used to provide oil -i PGDEROB056560
5 payl oad materials which are rapidly dispersible in
oils and other non-aqueous solvents by formng a
nano- di spersion of these payload materials in an
oi |l -soluble carrier. Wen the dried powder materi al
obtained fromthe enmulsion is 10 placed in water, the
manetrriiaX dfh earsoileb leatrertirdlx  diosseldv €s omr eheasicag rtike’
nanaq- qlsperse payload material. This forns a
MaLS G on- | i ke " nano- di spersion' of the supposed!y
wat er - insol ubl e payl oad material. 15 For ease of
reference the payload and the carrier are referred to
A isAMiHe rpeesane cspeeinf beatiserl 49 reontira- sollubpeoluble
r | upl lLutio
S TR R s R e L
o tagure 01b$ - as@lewiuiso k) 1 tiss ko[l nign as @mO&TdJJS@&itS ion of
partlally non 20 aqueouys solvent. There is a need to
thefsr 87 LGE6h Mefies Larlsc eds 2By CdilmsIiPiLRg Caghd €T -
formati on of the enmulsion and the drying step. 25 WO
2005/ 011636 di scl oses a non-enul si on based spray
Whemyithg dgriece o vider ﬁr@rt@ini@l‘ mtiadn@dnﬂfpr@m@he emulsion is
pl%l 3 r SI on% Of %r u atrlx %%I I'TI]E:rrSlerl rI}lat rélrsla SSO%V@S
ner FRTeE 1 SWSs 8 ubiTity rug are |ssolve in-a
rea@la\samtg amnd sphay-ddisiped sto pagimaddinspersiadns Thi swhicghs a
t he dru%_ls nostly present in an 30 anorphous form
solattHen th&s |ﬁaéoc@9§P§Fﬁﬁﬁ€ f@rnﬁhﬁhéupﬁpé&ééﬂ'W@FﬁF‘

1ns%l%%hﬁeﬁ%@l%%db%a%e%%‘uq solution. That is,

For ease of reference the payload and the carrier are
referred to in the present specification as ‘contra-soluble’
where one is soluble in water (or aqueous solution) and the
other is effectively insoluble in water (or agueous
solution) but is soluble in some at least partially non-

agqueous solvent.

There is a need to improve upon this process by simplifying

the formation of the emulsion and the drying step.

WO 2005/011636 discloses a non-emulsion based spray drying
process for forming ‘solid amorphous dispersions’ of drugs
in polymers. In this method a polymer and a low-solubility
drug are dissolved in a solvent and spray-dried to form
dispersions in which the drug is mostly present in an
amorphous form rather than in a crystalline form. The
product form is believed to be a solid solution. That is,

both the drug and the polymer are present in a single,
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both the drug and the polynmer are present in a single,

WO 2008/ 006712 PCT/ EP2007/ 056560 -3 undifferentiated
w@b@smo6780l i d sol utions are believed to form pEl/EPAEDT056560

particul ar conponent ratios and there is therefore

little formulation flexibility with these systens. 5

Brief Description O The Imyention W have now

deternmined that an inprovenment to the known process

is obtained if single or mscible solvents which 10
un@dﬁﬁ@k&@t&a$bmgp@a@has§oaﬁ@.u@é@tﬁ@@Beadeobeﬁﬁmw@ﬂe$o form

i nm sci hl e _aqueous/ non- a qQus sol.v s that can
oriliy AL C AR HadP ke SDFe RSl noeiPegR fore

1iRRQW GRS 1REACRS T 16ar b1 iMKiNg He enkisa- $Qlsuhhe .
nano- di spersions of at nmost sparingly- soluble
materials in a soluble carrier material conprising
the steps of: (i) providing a single phase m xture of:
20 a) a solvent or a mxture of m scible solvents, b)
Brdefl Pesicrdptioar OfeThentlawiealtion ubl e in solvent (a),
sald carrier material being also contra 25 soluble to
payl oad material (c) and solid at anbient
wel @RRRY AW e tehrmdhdieash t0 %% %%'&%%m@%tte i@l NehikG R s
soluble in solvent (a), WO 2008/ 006712
PIrRCESEPZG0 PLO5EREQ 1f 31ngle or miscible solvents which

comprise a single phase are used instead of mixtures of

immiscible agueous/non-agqueous solvents that can form an

emulsion.

Accordingly the present invention provides a process for
making contra-soluble nano-dispersions of at most sparingly-
soluble materials in a soluble carrier material comprising

the steps of:
(i} providing a single phase mixture of:
a) a solvent or a mixture of miscible solwvents,
b) at least one carrier material soluble in solvent
(a), said carrier material being also contra-
soluble to payload material (c¢) and solid at

ambient temperature,

c) at least one payload material which is soluble in

solvent (a), and,
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-4 (ii) drying the mxture to renove solvent (a) and
thereby obtain the carrier material (b) in solid form
wowdaos/ooqgay | oad (c) di spersed therein as nanopap¢T/EPB®87/056560
5 1n the context of the present invention, "insoluble"

as applied to payload neans that its solubility in
the target environnment is.Jess than | Qg/L at anbi ent
tenperature. For water-insoluble payload materials
this would be a solubility of less than IQg/L in
(iviat eryihg the cdtext ab trkeopreseitreb® |aVeahdomhereby
nanopart.i cl are particles Il er
oo HEerion “Rd PR Ger (RAR L fam bagTod itk GPFA, §ich
prefberably havedasperal sokwhiihi by hfah@ggr@_l%qblsd or
powder form) at ambient tenperature (20 | sius) 15
in their target environnent of |ess than Sg/L
pr.eferabl I t /L iallw .y
T e R 05 L B ner d S aaranl o Mecd aan *°
ap@&ﬁ@hLt@n@a@d@bdpm@b®$ammﬁt he&ssbhablaﬁg&Lanthnthh@et
conposi tions Obtalnedngép praocess of the present

SOVAFERITEOH e 1€&r iter QVFa@t(BPbéﬁ&ttﬁ§m§§}@6&&e(cfor

wallk® - 1Rk 1RLa e ?%1 y'l% aldhea3ame ;phase ;af Lol 1er yeng. s'E*l%b ility
payl oad is i eved to be present as a nanoparticle

ofpHese dihspe rlé)@d L titw oaglera don ttuh@u @@@ tekasefoftheh@resent

. cartri.er naterla 23 The pref L ho of partlﬁl
1nventlo an0ﬁa§§lc es are 1¢, 1c are m@l er than
sizing F or € disperse ucts o the presén

onbnwa@&banaampu@y@ea~&%@@HHCnthht scattering
instrunent ("Nano S", manufactured by Ml vern
Instrunents UK). Specifically, the Malvern Instruments

Pa3d NRANG PS5 8S 2 et 833N, AV Hel i i Neen 238k t Q £rom

a solid or powder form) at ambient temperature (20 Celsius)
in their target environment of less than 5g/L preferably of
less than 1g/L, especially preferably less than 120mg/L,
even more preferably less than 15mg/L and most preferably

less than bmg/L.

In the compositions obtained by process of the present
invention the carrier material (b) and the payload (c) are
not present in the same phase after drying. The payload is
believed to be present as a nanoparticle phase dispersed

through a continuous phase of the carrier material.

The preferred method of particle sizing for the dispersed
products of the present invention employs a dynamic light
scattering instrument (“Nano S”, manufactured by Malvern
Instruments UK). Specifically, the Malvern Instruments

Nano S uses a red (633nm) 4mW Helium-Neon laser to
illuminate a standard optical quality UV curvette containing

a suspension of material. The particle sizes quoted in this
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illumnate a standard optical quality UV curvette
containing a suspension of material. The particle
waeassocqunt ed in this WO 2008/ 006712 PCT/ EP200F¢ DEEHED056560
-5 application are those obtained with that apparatus
using the standard protocol. Particle sizes in solid
products are the particle.sizes inferred fromthe
nmeasurenent of the particle size obtained by solution
of the solid formand subsequent 5 neasurenent of the
app&dtb¢ﬁ@nsbze th@s@h@bﬂﬁ&@@@twammlk@atia@pbhatMermsing the
ient t Cel si us and

d
St AL Ba el s ST OenrAGES By enghPraIies are the

pa@ithenw se z%@eqnnffle@qedlqr%m $ich %e‘é@%r@h@%@s%fa%he particle
descri bed herein, and an appropriate choice of

siggr obapl naetd oy ﬁ@éshtk}loél frremsg 1§61 if@ rimaeniox supggguent
mea%u?:% lé |fn t%ep%ratrltg%ll%r S@}Léeous or non-aqueous

ol'ven rel’eases the payload (which is
|nsoluble 15 in the partlcular sol vent dissolving the
matrix) to forma i qui d nano-di spersi.on of the

I“p&@@o&&eﬁﬁp§r@&PllﬁaFHQD 5PV EREM | ATPRFGE temperature’

ecifnl eRlghRR s dMisnNg's %%@n%lﬁh%e&%@%%%be%fa%%cﬁe%gentages

aqueous and non-aqueous solvents as are present
byTyeilgaltl ynletsiye odiwirmg spr evess fiisdsonduct ed above

anbi ent tenperature. Most preferably, the drying

process is a spray-drying process. Less preferable
Byahitsemrattinee $ riodeSpr ay- dieyictd beidneleude nf, r @ezeadr yippgopriate

whi ch i s conducted bel ow anbi ent 25 tenperature. The
Chpd&ds Péc ik 3T 1eke dFyéﬁ P§S§§§éﬁtF§Iﬁ?rﬁréesoéﬂds@PFééx

thEwhen ab1amient, Lemeiatunel WetesSeld d$naheueous

solvent and which releases the payload (which is insoluble
in the particular solvent dissolving the matrix) to form a
liquid nano-dispersion of the payload material in the

solvent.

In this specification ‘drying’ means the removal of such
aqueous and non-agueous solvents as are present. Typically,
the drying process is conducted above ambient temperature.
Most preferably, the drying process is a spray-drying
process. Less preferable alternatives to spray-drying
include freeze-drying which is conducted below ambient
temperature. The feedstock to the dryer is essentially free
of solids (when at ambient temperature). Where solids are
present in the dryer feedstock these should not comprise

more than 10%, preferably not more that 5% of the feedstock.

In one alternative form of the invention a non-agqueous
solvent is employed in which both the payload and the

carrier are soluble. This solvent can comprise a single
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present in the dryer feedstock these should not

conprise nore than 10% preferably not nore that 5%
wobooshas7izedst ock. 30 In one alternative formpdT/EP®07/056560

i nvention a non-aqueous solvent is enployed in which

both the payload and the carrier are soluble. This

sol vent can conprise a singde WO 2008/ 006712

PCT/ EP2007/ 056560 -6 sol vent species or a m xture of

sol vent species. Preferred solvents are polar, protic
sodme@pr@@k@i&@lwenbsnd@ﬁm&eabﬁysoﬁwemerS@@c&@bve@t@ferred

a d| e _noment %reater t han dielectri

SOt e Ty Goan R A O PP Gur Bl e s e GRPEg =11y

predleveris anecselected fr o HF%U% HoRKR t ¢eRSItSt RGOf 1 and a
hal of orns (preferably dichloronethane, chloroform,

diledweit rid D@ﬂ@ﬁa@ﬁc@ﬁ§@§e€p¢@ﬁ@rébﬁy met hano
et hanol , isopropanol, isobutanol), organic aci ds
(preferably 10 formic acid, acetic acid), am des
Pa@ﬁﬁ@h&@&b@yp&@ﬁﬁﬁﬁk@esolNeN{@im&@hwbﬂ@tﬁ&mﬁ&ebm.the group
nitriles (preferably aceto-nitrile)

CoPSrieferabloy @@Hﬁﬁoég§té@éﬁfﬁF&@HYd@§C§ﬁ8r?@€6ﬁé§e'

criRrefenably 1nrihyl (catlyl)kethereci1acei-erekraa8nd¢ %%Q%%nol
water mscible speci es conprising a hetroatom bond

etiianie la swicralblognds /| asgéudiepolle / (preberablyids (preferably

tetrah¥grofuran, dlal yIsuI hOXIde

foqq} efera%lg fPrmamlde,

ernatlve fCOI'm Ofath |nve IOﬂ m-xtur

N, m—ﬁ@mbltel yiGlovenins dane used iilrswhipgl firstoure abetth hhierile),
Ioad 20 and the matri x are sol ubl e, and wherei n at

coEkst GHETERARY SSBWerLs rEin AGEEFES Ss GPFe e TaRE S

p@%f%%%%ﬁyaﬁ%k%%ﬁ %Q%&qn%etb%e %%%t%%%@gu%nﬁob%%%& water
Preferably, theé non-aqueous

miscible species comprising a hetroatom bond with a suitably
large dipole (preferably tetrahydrofuran,
dialkylsulphoxide).

In an alternative form of the invention a mixture of
miscible solvents are used in which mixture both the payload
and the matrix are soluble, and wherein at least one of the
solvents is an agueous solvent and at least another solvent
is a non-aqueous solvent. Preferably, the non-aqueous
solvent is selected from one or more of the polar protic or

polar aprotic solvents listed above.

It is also possible to use a solvent which comprises only an
agqueous phase provided it can dissolve both an oil-insoluble
payload material and a carrier which is also oil-soluble.
This method is used for the production of materials which
comprise a nano-dispersion of a water-soluble material in an

oll-soluble carrier.
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solvent is selected fromone or nore of the polar
protic or polar aprotic solvents |isted above. 25 It
WO 2008l08671possi bl e to use a sol vent whi ch conprPCEEPDNT/YS56560
an aqueous phase provided it can dissolve both an
oi l -insoluble payload material and a carrier which is
al so oil-soluble. This nmethod is used for the
production of materials which 30 conprise a
nano- di spersion of a water-soluble material in an
Sodwbm$obwhhen@aemkemyewoizo@&ko@ﬁ%b%n@CIhE@ﬁ@&%hOﬁ&§6@ot
-7 .Saol syst ens oye n the .present invention
g Sfot-© :blﬁlatré(d mﬁé%bﬁrﬁa?ry%ﬁntxtc&%ém U Cc &R et PGd 8T e
coifoe@n®ls .M RQd 16QIReN e MtS e rAd dintiisenal] snate k=i $einble
solvents can be present provided that they are

PIRISSEIh IPe Ovid delle tE6Ity dlE Y5 apfiex MAS€ 183 ca 1vhdlihe. sTHESat
mlﬁ%'r%' anal, YWatgl- I mp scl b'a%dtl%%'o‘ﬁ%g.t $ianeed ;not sc‘:{'bg,' X
t condi ti ons as regar her |pgl nonment an
S odiv@zlne(st mle@ dcornst d&ntl fas 1githen cabaoMe iand aisnceleyde dsf efri the r
exanp near_ hydrqcar bons (preferably hexane),

dl@)?&le @Oﬁg%ﬁto@&tdtf(?ﬁs d(lﬁrl@FéF&GI )?O&Fc’fla&ﬁe)?én@)lvenlﬁbove and

1n@@h@%arQ%&Se&%&%ﬁ%raqgﬁe%ﬁr%%@rb%%&%%%%orFQ%ferably
hyl’ene chloride) and ethérs (preferab di eth

heectam@r) Afillie tiyelrocarpiosys' (e ft@lﬂr@b‘lryavly@é@'hemm@ﬁ|,a|

hé%oc%f%ons So u%%ra%q ac%&%%%et%Q%%ehg%QH%% Can glepe
e solv At 6 mXEire o solvents) the'“us

chd@rﬁkﬁlsja|)$la®1@ ien hiche d@ﬁeﬁ@rh@l@r @16_%3:$1ylls ehokral.t oget her
excl uded as other materi al s na{ present which are

Whide whscibee Tgeavi ded that Eﬁéf@aQX|§P§eéﬂalléé@tb@ﬁé
soﬁ'@gle Bh%S%lW@u%hp%%%%f'%%%cﬁokﬁnt%% %arrh%ﬁea%@lvent or

a mixture of solvents) the use of an emulsion in the drying
process is not altogether excluded as other materials may be
present which are not miscible provided that there exists at
least one single phase which comprises both the carrier and

the payload.

Where a mixture of solvents is used it is not necessary that
the solvents are mixed before the carrier and the payload
material are dissolved therein. It is possible to dissolve
the carrier and the payload in different solvents which are

then mixed prior to the drying step.

Preferably the solvents present are removed simultaneously,

rather than sequentially, in a single drying step.

Ideally, where an insoluble payload is being delivered into
an aqueous environment, the carrier material is rapidly
soluble in water as well as in the solvent or solvent

mixtures used to form the feed for the drying step. Thus,
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t he payl oad. 20 Where a mi xture of solvents is used it

is not necessary that the solvents are m xed before
wo b@soas7nt er and the payload material are di SBOI/ERD07/056560

therein. It is possible to dissolve the carrier and

the payload in different solvents which are then

m xed prior to the drying s¢ep. 25 Preferably the

sol vents present are renoved simultaneously, rather

than sequentially, in a single drying step. ldeally,
whwmem@eamoﬂﬁﬁo@ubb@cmaﬁboadab@db&hn@nd@hhe@medemwﬁmonﬁ@nt,

eous environ the arrier [
thnsdiy S Te bl ST 2235 PR TR chR, srvigad
mag@rvent 1nmn)étr1lér—%1§s§>‘é%et gsfrgr.mthe feed for the drying
step. Thus, WD 2008/ 006712 PCT/ EP2007/ 056560 8 when

the solid product is placed in an aqueous environnent,

Wh%'}% % o 'c%ﬁ_»r"i"e'rj w‘lli'lc'éﬂelil@' $sql Yn%t%? aﬁe'@%&ﬁ tsh%ater—
in nano-di sperse form
sodamﬂeenmmdla @@hFﬁ@ﬁe@uﬁBE@Nﬁ&bnhﬁ&t |$hwatamr1@mlmbbald

into a_non-aquequs environnment, the carrier should

PIG & Era| ?ebé alp&&l(ﬂ 4GP & ik PRaf EROrBRREnt 11y Ahe

prel@n tPisgzents 1$ReGI %tel QR rhhe ierm; Oilsed %ousi%@ufc%te a
indicate a non-aqueous environnent. Thus, when the

nogoleiag eprued etV Lironir@nysl . addd si, n whieh, tiige S@ém erogiulct 1s

%u%ckl%_dlﬁsol%e and releasell t he %ﬁ%, terla

Fano-di’dpér $8% GFmt IAE Aot ed AbSve tﬁﬁﬁcawepgpg rFlease

th%l ey lied thediisperised nfa@bmdafsptelie ep@plr@ad mat eri al
after delivery may be 15 determ ned by use, for
exanpl e, of a MalvernTM " Nano-S

As noted above, typical particle sizes for the dispersed
form of the payload material after delivery may be
determined by use, for example, of a Malvern™ ‘Nano-S’
apparatus. Results generally fall into the range from
500-2nm (expressed as a diameter) and this particle size
range 1s preferred, with 300-4nm being particularly
preferred. For comparative purposes, the range is analogous
to the size of a virus particle (which typically range from
450-20 nm) . The size distribution may show more than one
peak. Thus, as noted above, the “solutions” obtained are
not true solutions comprising a material dispersed on a
molecular scale but are nano-scale dispersions in which the
‘soluble’ material retains some organized structure but on
such a small scale that it has many of the properties of a
true solution. For example, dispersing a water-insoluble
bleach from products of the present invention results in the
bleach being more finely dispersed and reduces the spot
damage seen when larger water-insoluble particles of the

bleach contact a fabric.
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apparatus. Results generally fall into the range from

500- 2nm (expressed as a dianeter) and this particle
wa@eemes/oog7ange i s preferred, with 300-4nm bei ng PCT/EP2007/056560

particularly preferred. For conparative purposes, the

range is analogous 20 to the size of a virus particle

(which typically range from. 450-20 nnm). The size

di stribution may show nore than one peak. Thus, as

not ed above, the "solutions" obtained are not true
Itsdbutkdﬁ@vednmmb$in@s@emEBQQWaﬁndtﬁﬁemae@ of aon-polymers,

nolecuIEJ sca ut are nan I sper.sions i

MG O (THE é’%‘rtsl&q&k?l &t mife) |O§1 r E‘Pgeﬁs‘} &éné)r(?ls&&ﬁu pegh in
th%tGQ%tq%%lg@htoﬁre%qcﬁo@nﬁﬁﬁblt%%ak%—ﬁﬁ%bek%e@a§r%@ﬂbt are
of the properties of a true solution. For exanple,
sulisggertdiond va owatsar-lilises mterl@leac h Thiemcgino&gc s esf by
t r t I
A et AL el L
paseernahem h&@g@mlw@temtemieﬂubmereambmdbeicobftbe
bl each ,contact a fabric. W 2008/ 006712
CIPETPEPIBET FOSES60 TS0 PrETeL by 80&d that, S8spedi ey
palyl i€ n6aee 1@ nen-polymers.ca1maRy o he particles of
payl oad' materials present both in the dry (sol vent
free) form and the re-di spersed product are
stantl [ stalllne naterlal ThIS can see
e SR e At Mo o M et 98Y pas
alelof fshaei @Rl tpaidt eehsvii rt Iﬂ?@lld:ﬁ’ﬂ ed mﬁerclaa;llve of the
characterlstlc of a crystalline structure. Preferably
PIRFEE Ceh &t QﬁﬂﬁéﬂzﬁﬁeStﬁéfﬁ@éﬁsnatéFP@ItP§Sﬁnr§SUItS' it is

belF %%"e%l' line fek mco%n%o@'ﬁt 1 Sl %mo'fa'th%c anRing 1CAl AMBLkY
of the dried material has also shown nelting behaV|or

solhide s dils tildisg atoure cofnctriee a nano-scale, phase-separated
mixture. Moreover, the compositions of the present
invention can be wvaried as regards the ratios of the carrier
and the payload, again indicating that they are not solid
solutions which are generally only formed at specific

component ratios.

Detailed Description

The invention will be further described below with reference
to certain preferred features. As noted above, the invention
uses a carrier and a payload which are “contra-soluble” in
water and a non-aqueous solvent. Within the generality of
the present invention are four specific sub-groups of

embodiments. These can be briefly described as follows:

Type I:
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presence of organized structures. Fromthese results,
it is believed that the conpositions of the invention
wa@e@snad712 sol i d sol uti ons, but conprise a nanoPGL/BP®N7/056560
phase- separated 15 m xture. Moreover, the conpositions
of the present invention can be varied as regards the
ratios of the carrier andiphe payl oad, again
indicating that they are not solid solutions which
are generally only formed at specific conponent
A pabtices.s Z0 rDetraidlaed nbescrioptn of Bheaitkeventisol uhilkel rbeerial

further describ bel ow with reference 5 to certain
e e eI Eae TRe TReEed Ygte o TRELh e/ Hon-

acieRs <2 sCARIn@l s3Rd e, payl oad which are
"“contra-soluble”™ in water and a non-aqueous sol vent.
Wthin the generality of the present invention are
pulRUiTrSpeci fic sub-groups of enbodi ments. These can be
riefly described as follows: 30 Type |I: WO
A 2008606 7b2 BCELER2007/2056%60 o f- al@aAcpr-deess ubdke material
preparing a formof a water-insoluble material which
LS it Sp EXSPBITE 1 Snae ' 3GSTn g Sd i REd SAGYES SR Vent
syAQeeous sol vent system 5 Type Il: A process for
preparing a formof a water-insoluble material which
is dispersible in water using an anhydrous sol vent

Ty%%?&%&% 10 Type |11

A process for preparing a form of an oil-insoluble material
which is dispersible in o0il using a mixed agqueous/non-

agueous solvent system, and,

Type IV:
A process for preparing a form of an o0il insoluble material
which is dispersible in o0il using a wholly agueous solvent

system.

The types of process I to IV will each be described in
further detail below. Types I and II are the preferred
processes. It will be noted that in both I and II water
soluble carrier materials and water insoluble payload
materials are used. Preferred payload and carrier materials
for processes of types I and II are described if further

detail below.

Preferred water-insoluble ‘payload materials’:

Some specific examples of water-insoluble ‘payload’

materials are given below. These are given as examples only
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A process for preparing a formof an oil-insoluble

material which is dispersible in oil using a m xed
wa@ousousinon- aqueous sol vent system and, 15 AQPEP1007/056560

A process for preparing a formof an oil insoluble

material which is dispersible in oil using a wholly

aqueous solvent system 2Q;The types of process | to

IV will each be described in further detail bel ow

Types | and Il are the preferred processes. It wll
an@Eaﬁ@t@@tIh@teh@e@otb [l iadid thewap@ﬂica@hahh@'©&rmher

erials and water_ insol ubl e payl oa naterl Is ar
DIRSERT BrEFLIE payPoat i ICat Lo hiet Gitad 13s HEgRver
reRNacesses tofrnky pes clriand bf amne @%@@nkaeqnlvfenft%hh @M1l
detail below. Preferred water-insol uble " payl oad
hafygt etildlig'y: lns@tS@rJre agpeci Fick exampifésagfly exemplified
he?% ter-insoluble "payload" materials are given bel ow
hese are given as exanples only WD 2008/ 006712

PCT/ EP2007/ 056560 -11 and are not intended to limt
the ap pllcab|I|ty of the present invention. Those

Wadigi Iléldsol Iblre GVErgOPCHGhevE e i aat 289thatr et ﬁ@leased

fr%%@%%bak&o@hckgeo%E%§%%H.k@”%@%‘%&d@éés oFave cUtiireisteys
in other areas not specifically exenplified 5 herein.

lHW§méﬂOmn§¢labﬁetahvdpde@ﬁl@Pdnﬁﬁ@rbﬁlytﬂﬁaﬁedren the
el ease tfhromthe Qroduc .0bt ai_n eré% t he Progess of

1 10
rpﬁgsﬁ esent © tnvent ion ST RS T Ahed ARG EET be
utilized in the

. antimicrobial agents: for example: Triclosan™,

climbazole, octapyrox, ketoconazole, propiconazole,
phthalimo-peroxyhexanoic acid (PAP), quaternary

ammonium compounds;

° antidandruff agents: for example: zinc pyrithione;
° skin lightening agents, for example 4-ethylresorcinol;
. fluorescing agents: for example: 2,5-bis (2-

benzoxazolyl) thiophene for use on fabrics (such as

cotton, nylon, polycotton or polyester) in laundry

products;
° skin conditioning agents: for example: cholesterol;
. antifoaming agents: for example: isoparrafin
° hair conditioning agents: for example: quaternary

ammonium compounds, protein hydrolysates, peptides,
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10 process of the present invention preferably
i nclude: - antim crobial agents: for exanple:

wdareoeslasanTM  cl i nbazol e, octapyrox, ket oconarol/gP2007/056560

propi conazol e, phthalino-peroxyhexanoi c acid (PAP),
quat ernary 15 ammoni um conpounds; anti dandr uff

agents: for exanple: zinc _pytithione; skin |ightening
agents, for exanple 4-ethylresorcinol; 20

fluorescing agents: for exanple: 2,5-bis(2-
benz&x&zﬂbﬁb)ammi@g@&m@hb@dCU&@n@ﬁtﬁ@bﬁm@so@é@Cﬁo&Sexample
cot n ycotton or polyester) .in

o ol RsB g R EC Gt P G et - lror gy Bimfidneral

cholastsgr ot ty aktefreamng agemono-f ouiexanple:
|soparraf|n Sg' hai r conditioning ents: for exanple:
quaﬁéﬂ@éﬁ@er&ﬁﬁﬁnl@ﬁﬁé@@@@u@d&s ﬁﬂ@%e@ﬁ hydr ol ysat es,

PePLIASEh g%ﬁ%g 1%‘%%%% P%Tﬁ?EP%ﬂ%’t%@%%% ) Ab8 mixtures

cer i'c condi tioning oi
exammbeeoﬁydrocarbon oils such as paraffln oi I s and/ or
mneral oils, fatty esters such as nono-, di-, and

triglycerides silicone oils such as 5

I h d m
e ST LR A0l S L, SOOI Sy
quabemn@nwﬂlaﬁm@mmmmmcamwdmgds h@angpteE@rably 2

preferably 2 tlonalby substltuted CB
a|k@@ﬁf§pa&ﬁgi gbstltute -C24) alk( yl c ains

attached to the nitrogen atom by one or more ester
groups; hydrophobic monoparticles such as a sucrose
polyester for example sucrose tetra-tallowate;

silicones for example polydimethylsiloxane;

thickening agents: for example: hydrophobically
modified cellulose ethers such as modified

hydroxyethyl-celluloses;

dyes and colouring agents: for example: dyes intended

to change the colour of fabrics, fibres, skin or hair;

UV protecting agents: such as sunscreens for example:
octyl methoxycinnamate (Parsol MCX), butyl
methoxydibenzoylmethane (Parsol 1789) and

benzophenone-3 (Uvinul M-40), ferulic acid;

bleach or bleach precursors: for example: 6-N-
phthalimidoperoxyhexanoic acid (PAP) or photobleaching

compounds.
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attached to the nitrogen atom by one or nore ester
groups; hydrophobi c nonoparticles such as a sucrose
w@odogeed7er for exanpl e sucrose tetra-tall owat ePCT/EP2007/056560
silicones for exanpl e polydinethylsiloxane; 15
t hi ckeni ng agents: for exanple: hydrophobically
nodi fi ed cell ul ose ethers .gech as nodi fi ed
hydr oxyet hyl -cel | ul oses; 20 dyes and col ouri ng
agents: for exanple: dyes intended to change the
o col oui i0fkilbabrises fofd RBx@smplski my@irdpicbic WWamins such as
protecting agents: such as sunscreens for exanple:
oct Y11 tREtLRoRy citiftamatle EPALSFIAMER) Pagyen2hydroxytoluene
WEt@%%%dEQGQ§%%J%&@h%qec%§%$§%la&ﬁ%gkv%qq ble antioxidants
benzophenone eruli c a0|3' bl'each or
bl eaclrhprec theoTso Iflox™exanples.. 6- N-
pht hal i m doper oxyhexanoi ¢ acid (PAP) or photobl eachi ng
30 compounds. WO 2008/ 006712 PCT/ EP2007/ 056560 -13
o ANt IO RN LS 0 ARl e Y dGRRORIE Y AT Such
vitamn retinol, antioxiants Based on
hyd@emyu@hweme hsw@hca@ebr@amonfMeara@m@mﬁewﬁahﬂw, in

avai | abl e nt|OX|dant uch as _the Troll oxTM seri es .
5 FRESIEIdRdes PFoF SRATpPES NG4Sy RA Genih) ComPOsitions

peSkb&b&%Sus@e%@kcm%a%ha%&eohﬁ@b agr aehemiGaksd i
particul ar, those that are stored as solid
conpesietiiegs (Pefdhe rus@ridicCamiiosn &néomaddmag si §tro Crops

llq%E%ff%xample lamda-cyhalothin},

° perfumes or flavourings or precursors thereto;
. pharmaceutically or veterinary active materials;
. Vitamins/nutraceuticals

Whether a type I or a type II process is used will depend on
whether the water-insoluble paylocad material is soluble in a
wholly non-aqueous solvent or a water-containing mixture of
solvents. If the payload material is only soluble in a
mixture containing water then the type I process (mixed

aqueous/non-agueous solvents) must be used.

Suitable carrier materials include the preferred water-
soluble polymers, preferred water-soluble surfactants and
preferred water-soluble inorganic materials as described in
further detail below. These lists are not exhaustive as
other water-soluble materials, for example citric acid, can

be used.
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10 spraying (or other application) onto animals or
crops (for exanple | anda-cyhal othin), perfunmes or
wo b@goo7ings or precursors thereto; 15 PCT/EP2007/056560
pharmaceutically or veterinary active materials;
Vi tam ns/nutraceuticals Wether a type | or a type |
process is used will dependson 20 whether the
wat er -i nsol ubl e payl oad material is soluble in a
whol | y non-aqueous sol vent or a water-containing
m xture of solvents. If the payload material is only
sol.uble in a mxture containin ter then the type |
s SARTLEn S A iobIOT s OToa Yo sy 6 JeFS) Tst paater
sois@de 2% Quiltiablse peaniy ebinpteriial siti nelhyde hkeor the
preferred water- sol uble polyners, preferred
adpgEes- seinailopesyst setants ane tepr effertved aPercssisalsl e
i.nqr i tenial Cr| i.n--fur I t ai
B S RESe TS ey ol GAnSUEE I BETR5osRe he these
mawatre a-1s0laulal @ lmatertical-s0 1fubll cexary &idilt petcaaild,y ©an
he used. WD 2008/ 006712 PCT/ EP2007/ Q56560 -14 Carrier
SOMEPEr dl's 61 SPrIEESs ESTOF NEYEE S| CandPFl tHPE aPércess -

soluble as well as being soluble in at | east one of
the aqueous/non-aqueous sol vent system of type |
Prgferaese podiyme rilge caxmjigromatesiiadst: system of type |
processes. As these materials are all water-soluble
they will generally be soluble in the sol vent
Exeafliesattifors ialattike waype -lscprudies pol yReefier cedrier

polynmeric carrier materials: 10
materials include:

(a) natural polymers (for example naturally occurring gums
such as guar gum, alginate locust bean gum or a
polysaccharide such as dextran;

(b} cellulose derivatives for example xanthan gum,
xyloglucan, cellulose acetate, methylcellulose, methyl-
ethylcellulose, hydroxy-ethylcellulose, hydroxy-
ethylmethyl-cellulose, hydroxy-propylcellulose,
hydroxy-propylmethylcellulose, hydroxy-
propylbutylcellulose, ethylhydroxy-ethylcellulose,
carboxy-methylcellulose and its salts (eg the sodium
salt - SCMC), or carboxy-methylhydroxyethylcellulose

and its salts (for example the sodium salt);

(c}) homopolymers of or copolymers prepared from two or more
monomers selected from: vinyl alcohol, acrylic acid,
methacrylic acid, acrylamide, methacrylamide,
acrylamide methylpropane sulphonates,
aminocalkylacrylates, aminoalkyl-methacrylates,

hydroxyethylacrylate, hydroxyethylmethylacrylate, vinyl
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Exanpl es of suitable water-soluble polyneric carrier
materials include: (a) natural polynmers (for exanple
wmadognad7hiy occurring gunms 15 such as guar gunPCT/EP2007/056560
al gi nate | ocust bean gumor a polysaccharide such as
dextran; (b) cellul ose derivatives for exanple xanthan
gum  xyl oglucan, cellul osgsacetate, nethylcell ul ose,
nmet hyl - et hyl cel | ul ose, hydroxy-ethyl cel | ul ose,
hydr oxy 20 et hyl net hyl - cel | ul ose,
hydpgxyonﬁdpmbceNﬁuWﬂsemidazole, vinyl amines, vinyl
hydr ox r opy | cell oxy-
D OBy LB e MG EE S oAy h gLy P sl PREogayCoLS
car bexy1eethylkcell uhasetand higy3ahts okegekhe sodi um
salt - SCMC), or carboxy-neth g'droxyethylcellulose
25 andviesesalins, ( By reranple pﬁét§(§d| umsalt); (c)
ho I f I LS pr I fr t
or ey S AP S Ee g P PR e o aRe Fhpg v ate
aci d, thacryllc aci d, crylan1de thacrylan1de,
30 acr%lanlde nethylpropane sul phonat es,
(G FEFRIEEEE NS eSO TarRBRILRY PSter RAGprgrsL in
hydr oxyet hyl acryl at e, hydroxyet hyl net hyl acryl at e,
vinyl WD 2008/ 006712 PCT/ EP2007/ 056560 -15
(epyr molxitdaes, thiemglofi m dazol e, vinyl ami nes, vinyl
pyridi ne, ethyl eneglycol and other al kyl ene glycols,
et hyl ene oxi de and ot her al kyl ene oxi des,
Wh%hhyh%n@oﬁ&ﬂ%ml$tyb&@&i@&ph@n@t@@poﬁymer it may be a
ethylene%lycolacrylates and et hyl enegl yco
stRétivad o F@PO@&Y@éydP€&€%Pﬁoﬁ§ aﬂép éﬁﬁﬁﬁlés a random

co@%ﬁ@ﬁ%xgho%5%ﬁrb@ copolymer, a graft copolymer or a
hyperbranched copolymer. Comonomers other than those listed
above may also be included in addition to those listed if
their presence does not destroy the water soluble or water

dispersible nature of the resulting polymeric material.

Examples of suitable and preferred homopolymers include
poly-vinylalcohol, poly-acrylic acid, poly-methacrylic acid,
poly-acrylamides (such as poly-N-isopropylacrylamide), poly-
methacrylamide; poly-acrylamines, poly-methyl-acrylamines,
(such as polydimethylaminoethylmethacrylate and poly-N-
morpholincethylmethacrylate), polyvinylpyrrolidone, poly-
styrenesulphonate, polyvinylimidazole, polyvinylpyridine,
poly-2-ethyl-oxazoline poly-ethyleneimine and ethoxylated

derivatives thereof.

Polyethylene glycol (PEG), Polyvinyl alcohol (PVA},
polyvinylpyrrolidone (PVP), hydroxypropyl celluose and/or
hydroxypropyl methyl-cellulose (HPMC) are particularly

preferred polymer carrier materials.
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(e) mxtures thereof 10 When the polyneric materia
is a copolynmer it nmay be a statistical copolyner

w@ b@spbarinr e al so known as a random copol ynmerPCT/BP2007/056560
bl ock copol yner, a graft copolyner or a hyperbranched
copol ynmer. Conononers other than those listed 15 above
may al so be included in addgtion to those listed if
their presence does not destroy the water sol uble or
wat er dispersible nature of the resulting polyneric
mat eri al . Exanples of suitable and preferred

de 20 .pol i n Icoho
PrEdRriRe) ForEaseat Sary iR MATAPAL e o
pol y- acrylanrdes (such as poly- N—|sopropylacrylanide),

pol y- met hacryl am de; poly-acryl am nes,
Whﬁgﬁyi@@tﬁ@ﬁr&@ﬁyﬂ@ﬁﬁﬁe@l 1@S@Cﬁug§actant the surfactant

di_net hyl t ryl.a I
ma&olrb)éh %%ngétnﬁﬂ %ﬁacr IEI‘Sa?ectl)épol vrﬁﬁ1 Ihgﬁre%ollgr r%ne,
zwpahﬁrzbnstyrenesulphonate ponvrnyIrnrdazoIe
pol yvi nyl pyri di ne, poly-2-ethyl-oxazoline
pol y- et hyl enei m ne and et hoxyl ated derivatives

rxbeneef o tPehyekylene ngliveale CREGhcrRalgviimd walkcohol
(PVA), 30 pol yvi nyl pyrrolidone (PVP), hydroxypropyl

ctdellose and/ior yohydrery prropyly methyiolcelthekase LeHPND)
ticul ar| f |y terials. .
0 5B0 D067 13 BT Ep007 036860 L e R GrGFred ot Ly amide

etsuxfyactant; Cartiyeanakekitalosy 1\Wherse tsbebea;eml erL kanoates;
material is a surfactant, the surfactant

ethoAteR SorhiiteRi @lkeRopsSRiSE, aé%gﬁoﬁéPP§Y&@teSr

P1AMAL @M ANIG 11 polyglucosides; stearol ethoxylates; alkyl
polyglycosides.

Examples of suitable anionic surfactants include alkylether
sulfates; alkylether carboxylates; alkylbenzene sulfonates;
alkylether phosphates; dialkyl sulfosuccinates; alkyl
sulfonates; socaps; alkyl sulfates; alkyl carboxylates; alkyl
phosphates; paraffin sulfonates; secondary n-alkane

sulfonates; alpha-olefin sulfonates; isethionate sulfonates.

Examples of suitable cationic surfactants include fatty
amine salts; fatty diamine salts; quaternary ammonium
compounds; phosphonium surfactants; sulfonium surfactants;

sulfonxonium surfactants.

Examples of suitable zwitterionic surfactants include
N-alkyl derivatives of amino acids (such as glycine,
betaine, aminopropionic acid); imidazoline surfactants;

amine oxides; amidobetaines.
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Exanpl es of suitable non-ionic surfactants include

et hoxyl ated triglycerides; fatty al cohol ethoxyl ates;
wdadBooaloberiphenol et hoxyl ates; fatty acid et hoxybP&t/&B2007/056560

fatty am de ethoxylates; fatty am ne ethoxyl ates;

sorbitan al kanoates; ethylated sorbitan al kanoat es;

al kyl ethoxyl ates; PluronijgsTM al kyl pol ygl ucosi des;

stearol ethoxylates; alkyl polyglycosides. 15

Exanpl es of suitable anionic surfactants include
Mi&hbyb@thérsu&ﬁbh&h@$s ab&ykﬁimeedcaﬂhomwbatm&xtures there

| henzene sul f onat es; ther at es;

y hos
maéﬁ gek;}lndslm c&oﬁ‘é)tO&nta?l W |lc sfi‘lrfeoﬁf '585&7 ided that
thal kel rsulf atesrialkyveganhoxylsateseialky! 20
phosphat es; paraffin sulfonates; secondary n-al kane
sul fonat es; al pha- olefin sul fonates; isethionate
RIS qg%gsmn%m' 2 (opRthibal® B8l b0l & albATh AR o
in at am ne sal i'am né sa
maqeanaﬂma@mdamﬁomm@nmzﬁ/@dm@@wﬂd&onnb@ipho@mwﬁbr aromatic
syrfactants; sulfonlun1surfactants sulfonanlum

NOYGHFactantis C 1 Eddmg 8LegP Lsaittaprd 2 mct tlespahite 1y Triton™

ma%%El%Q%gnt%lk@ql%@thNh%E@%l @eleatinves sofs ) amcR@er -
aci ds (suc as glycine, 30 etalne am nopr opi oni ¢
S ué@lh@)te Si ildaZoldimg SHESAct anttsyr samifne toxitdes p referably

quetalneS o@ot OO%@ 06712 PgT/EP%pQ?/OS 56
t

res “of ‘surfactan y BE & wYSE ﬁﬁx Ea jonics
ets'ib%fcﬁ almay dee yilndiivicduall ammawﬁnm owhideh —are Al quird,

provided that the carrier material overall, is a
pagiiicylag RIP&??@&F@@-ﬁénﬁ@ﬁ'@C§a@§s§§6Fé@Fym@ﬁ§rlals
PEG PPG eg Pl uroni cTM

Preferred inorganic carrier materials:

In the type I and type II process the carrier material can
also be a water-soluble inorganic material which is neither
a surfactant not a polymer. Simple organic salts have been
found suitable, particularly in admixture with polymeric
and/or surfactant carrier materials as described above.
Suitable salts include carbonate, bicarbonates, halides,
sulphates, nitrates and acetates, particularly soluble salts
of sodium, potassium and magnesium. Preferred materials
include, sodium carbonate, sodium bicarbonate and sodium
sulphate. These materials have the advantage that they are
cheap and physiologically acceptable. They are also
relatively inert as well as compatible with many materials

found in household and pharmaceutical products.
Preferred combinations of carrier materials:

Mixtures of carrier materials are advantageous.
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mat eri al s and/ or the PEQ al cohol nonionics and/ or

aromati ¢ nonionics, including phenol -ethoxyl ates
w@empmaizat |y Triton- material s), al kyl sul phonedBEP2007/056560

(especially SDS), ether sul phates (including SLES),

ester surfactants (preferably 10 sorbitan esters of

the SpanTM and TweenTM typgsg) and cationics

(especially cetyltrinethylamoni um brom de - CTAB) are

particularly preferred as surfactant carrier

naterials Preferred inorganic carrier materials: 15

he 't and 't process the carrier .materi al

F 5arfrth Calt & 4" \at" s&l u%ﬂré’ceﬁérgéﬁeéer‘f&teéjr (& WhiCh
inicS uRl (el i nd tSWhisaetrant oietand PV RN andl FRIre 2@aRARIsC and,

salts have been found suitable, particularly in
1 ng @RvEGe o t ipdiyesr iod 2O lamerer asdr Bactant 2e4er er
Paigihal s A% dastrhed ahate. (TN espltadngude

car bonat e I carbonat es, hali des, rates
sualtd cacettat esd @@ﬂ@meu&ammyc&ohmbuedeabtsle@%tsedeumﬁ.

pot assi um and magnesium Preferred materials include,

sodi um car bonate, sodi um bi carbonate and sodi um 25

a)sul phatecnihese @qty%llal @E@ve poheadya ?)tyég%ltlla%tnet heye),

are cheap and physi ol ogi cal Iy accept ab ey are

als@olweﬁaﬁﬁﬁaﬂy2l@@@ﬁaéenwéllP@éywamwétﬁﬁqehmltHPNﬁny

rials foun sehold and pharnaceutl al

pro gfoxy§6oﬁﬁefer%2 Conbina %3ﬁs ofca Wl iRty
mat erllahsoseM (xtpmcgs ,ofa ledmieiters RRdemialtsi rake thereof,
advant ageous. WD 2008/ 006712 PCT/ EP2007/ 056560 -18
For the type | and type |l process, preferred mxtures

anidclyde conpbipat igns of inorganic salts and
surfactants and,

b) alkoxylated nonionic’s (especially the PEG/PPG
Pluronic™ materials), phenol-ethoxylates (especially
TRITON™ materials), alkyl sulphonates (especially SDS),
ether-sulphates (including SLES), ester surfactants
(preferably sorbitan esters of the Span™ and Tween™
types), cationics (especially cetyltrimethylammonium

bromide - CTAB), and mixtures thereof

In preferred forms of the invention the level of surfactant
carrier is such that at least 50% of the total carrier is
surfactant. Mixtures having a majority of surfactant present

over the other carriers exhibit enhanced payload effects.
Preferred non-aqueous solvents:

Both processes of types I and II use a non-agqueous solvent

(or a mixture of said solvents).
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in particular, mxtures of polyners and surfactants. 5

Particularly preferred m xtures include conbi nati ons
woboosmu7iact ant s and pol ymers which i ncl ude atprdEEB1007/056560

one of: a) Polyethylene glycol (PEG,

pol yvi nyl pyrrolidone (PVP),

pol y( 2-et hyl - 2- oxazal i ne),_pol yvi nyl al cohol (PVA) 10

hydr oxypropyl cellul ose and hydroxypropyl - net hyl

cellul ose (HPMC) , al ginates and m xtures thereof,
Pammicwﬂaﬂl@a@med@&r@ﬁ,sbﬂv@ht&lbmmyb&ﬂe@t@dnﬁm@hckﬁe group

cially the PEG PP Pluro cTMrm rials)
CORARG Bt o PP GO e JBEF A D LR O AT LT arSY
chaldeyls ost) phanralies CQS@QQIabh%oﬁgik, (pethreragulphatesncl,
|nclud|ng SLES), ester surfactants (preferably

et ilt, an sePrersnefl t He os;wéi@mla\nd oF@eeATMAZA dey degplerably

fo%é{ %)c ¥ (g%%etﬁ' Ly get %'mﬁ %&' Ao @szo*%‘fn%'iﬂl%%,

M Xt ures Hereo forms
N’mh@;mewe@ﬂﬁ@mnbh&dbevehlm&1§@$fa©taﬁbra®awrae@tDSnimmhle),
that at | east 50% of the total carrier

e sdGrPadPant ST U PSS Ha Ficy 4 Shafd ety I %Pf &ELRRES

p&%%%%%%lyo%%Eh%heeQ%@ﬁr Kedlhlcer 3 cexhinkht enbancedr water
payl oad effects. Preferred non-aqueous "sol vents: 30

mll@ﬂ@lﬁr@@é§§§§ @bnmypégng &ed rick tege bandom-igdueowsiitably
sal vent sai d oIvents) WO

130t eI B e ersotd Sestan PSR cular 1y

diprefersiethsalivient.s Maxe uselseeifed hier afcirégcgiodped may also
conS|st|ng of hal of orns (preferably di-chloronethane,

bec RreLer6Em) , 1ower (A -A O al cohols (preferably
nmet hanol, ethanol, isopropanol, isobutanol), organic

acids (preferably
Preferred solvents include dichloromethane, chloroform,

ethanol, acetone and dimethyl sulphoxide.

Preferred non-aqueous solvents have a boiling point of less
than 150 Celsius and, more preferably, have a boiling point
of less than 100 Celsius, so as to facilitate drying,
particularly spray-drying under practical conditions and
without use of specialised equipment. Preferably they are
non-flammable, or have a flash point above the temperatures

encountered in the method of the invention.

Process of types I and II are described in further detail

below:

Type I: nano-dispersible forms of a water-insoluble

material prepared using a mixed solvent system

This aspect of the invention provides a process for making a

nano-dispersion of a water-in soluble material in a water-



5 formc acid, acetic acid), am des (preferably

formam de, N, N-dinethylformam de), nitriles
w@ pooshas7abl y aceto-nitrile), esters (preferabbgr/erivgt/os6seo

acetate) al dehydes and ketones (preferably nethyl

et hyl ketone, acetone), and other water m scible

speci es conprising hetroatoembond with a suitably 10

| arge di pole (preferably tetrahydrofuran,

di al kyl sul phoxi de). M xtures of the aforenenti oned may
socdlidd e beremplroyed.erPeéf eongd isdhngenths isnelpsde £ :

di chl oronet hane, chloroform 15 ethanol, acetone and

di met hyl sul phoxi de. Preferred non-aqueous sol vents
(ihaveraheiihigng paixtturef Jdess than 150 Cel sius and,

nore preferably, have a boiling point of |ess than

100 Celsius, so as to facilitate drying, 20

par ticul arl ray- dryi u pr i.cal i.ti;Qns

B 1 g SR SlAR IR, LLRRNER, SRy
they are non-flanmable, or have a flash point above
the tenperatures encountered.in_the nmethod of the

i nvénti oRt 25%Pof8Ss V6 Sty Fes P LanG A 1are "déSErPhed

in furthendehal in Below; xTyRe lbr RaRRdisSReNsihke (a) and
forms of a water-insoluble material prepared using a
m xed solsgerndsystlemnt30cThi saashpeetrroert e tiemvedt benng

providess%lgro%%s%_ g%n%HQE%'e%at%%%o-dispersion of a
wat er-in solﬁ%le material in-a water WD 2008/ 006712

PCT/ EP2007/ 056560 -20 soluble carrier materi al
conprisin%-the steps of: (i) providing a m xture of:
c) at least one non-agueous second solvent said
second solvent being miscible with aqueous solvent
(a) to form a mixed solvent capable of dissolving

carrier material (b) and payload (d), and;

d) a payload material which is dispersible or soluble
in the mixture of aqueous solvent (a) and non-
aqueous solvent (c) but not in agqueous solvent (a)

alone, and;

(ii) drying the mixture at above ambient temperature to
remove solvents (a) and (c¢) and thereby obtain the
carrier material (b) in a solid form with payload (d)
dispersed therein in a nanoparticulate form, wherein
the product of the drying step is water dispersible to
give an aqueous solution of (b) and an agqueous nano

dispersion of (d).

Preferred aqueous solvents:



5 a) an aqueous solvent for a carrier material; b) at

| east one water-soluble carrier material soluble in
wo b@smoeriur e of aqueous sol vent (a) and seconePCEHEP208T056560

(c), said carrier material being 10 solid at anbient

tenperature, c) at |east one non-aqueous second

sol vent said second sol veni_being mscible with

aqueous solvent (a) to forma m xed sol vent capable

of dissolving 15 carrier material (b) and payl oad
Thedpredrdred) aaupaylsoad Liveter iial wattiech S editspérysiebl e

r . soluble in the mxture of aqueous solvent (a) and

SO CRGUGETs AGVERt TEER Bt THet SrHCRYGess S8 ent

(a) 20 alone, and; (ii) drying the m xture at above

anbi ent tenperature to renove solvents (a) and (c)
Pagrd cuiére sy agptLgisn otth&atear pilerc Wpdee nical- a@eous golvents,
pa%%%%%. %E@f@gﬁ@ %%Mb%%% g%)t%% %bﬁ%%%%e%n%h%r%%Q—E%l%ble

anoparticulate form whérein the product of the
catiryieng nettefr iiad swatleto dicdpérisl bine at i xgure aif ageecus vent

sol ution of (b) and an aqueous nano K dispersion of
anGg PN SEVSFEferPdd tdqlie 6§ SOIVERES: lW)T?g’é@/ 6067L2" -

PCT/ EP2007/ 056560 -21 The preferred aqueous sol vent

is water. Electrolyte solutions can also be used as

t he aqueous solvent. Particul ar exanples of water

m sci bl e non- aqueous solvsg£§ 3 payl oad materials

soluble in the sol vent an Pef-soluble carrier

N £t e i £ i8] & Balblents) o Madtelnfatdr tdelwisiley @doducts

Non-limiting Water-miscible non- |Water-soluble
examples of aqueous solvents carriers soluble
water-insoluble | for the payload in mixture of
payload material solvent and
materials aqueous solution
Triclosan Ethanol SDS

Acetone

Isopropyl alcohol
Sudan Red 7B Acetone SDS

Type II: nano-dispersible (in water) forms of a water-

insoluble material using a single solvent system

This aspect of the invention provides a process for making
water-soluble nano-dispersions of at most sparingly water-
soluble materials in a water-soluble carrier material

comprising the steps of:

(i) providing a mixture of:
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and an aqueous solution are provided in Table 1 bel ow
10 Table 1 Water-m scible solvents to make wat er

waeodoghbbe1pr oducts Non-limting Wat er-nmi sci bl eP@DEP2007/056560

Wat er - sol ubl e exanpl es of aqueous solvents carriers
sol uble water-insoluble for the payload in m xture of
payl oad material solvent ang. material s aqueous
solution Triclosan Ethanol SDS Acetone |sopropyl

al cohol Sudan Red 7B Acetone SDS 15 Type I1:

nane-)di spemnsinblaerugion swatod e nfrorons aofnia twatkterf miscible
i nsol ubl e mat eri al usi g a single solvent system This
aspect opopﬁéquﬁygﬁt§8ﬁ 5P6Virdes a process for making
wat er - sol ubl e nano-di spersi ons of at nost sparingly
water- 20 soluble materials in a water-soluble carrier
mat & al adomsEissi vget Ive rdtieps neiterdia)l prdvicdiengnanon-
mxture of V020081006712, PCTER2007/.090560, 132,18k 3 ng
non- aqueous solvent or a m'xture of mscible

non- aqueauscsaloventls, i) wat:creasid ene idanrt aembieheri a
sol uble in non 5 aqueous solvent (a), said carrier

mat eri al "68PRG 2 4"So soluble in water and solid at
anbient tenperature, c) at |east one water-insoluble

payl oad materi al
c) at least one water-insoluble payload material

which is soluble in non-aqueous solvent (a), and,

(ii) drying the mixture above ambient temperature to remove

solvent (a) and thereby obtain the carrier material
(b) in solid form with payload material (c¢) dispersed
therein in a nanoparticulate form, wherein the product
of the drying step is water dispersible to give an
aqueous solution of (b) and an agqueous nano dispersion

of (c¢).

Suitable carrier materials include the preferred water-

soluble polymers and preferred water-soluble surfactants as

mentioned above which are also soluble in the anhydrous non-

aqueous solvent (or solvent mixture)

Particularly preferred carrier materials for use in process

type II are:

a)

polyethylene glycol (PEG), polyvinylpyrrolidone (PVP},
polyvinyl alcohol (PVA) hydroxypropyl cellulose (HPC)
and hydroxypropyl-methyl cellulose (HPMC) preferably in

combination with at least one of;
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10 which is soluble in non-aqueous solvent (a), and,
(ii) drying the m xture above anbient tenperature to
W0 eomwas7150!l vent (a) and thereby obtain the capeiT/P2007/056560
material (b) in solid formw th payload material (c)
di spersed 15 therein in a nanoparticulate form
wherein the product of theszdrying step is water
di spersible to give an aqueous solution of (b) and an
aqueous nano di spersion of (C. 20 Suitable carrier
b)mat erlikalkxy lianeldudent-hengréfser(eepenatarly saleulPES/PPG
pol rs _an referred water-sqluble surfactants as
P GG oV LR CH SAr o FRFEG LS BroPd L cehd Sopetial Ly

anhydirausmnantaqueeys salkvantsul@hoselteent cpst-unel v23ns) ,

Particularly preferred carrier materials for use in

pr o€éserpydehitegr d1ng)l usdinge ShyiSene egitpdols WREGants

PO N AAXENG) 1 A0AS (LRVRL: ROV AL oplafon Gl FYRL

hydr'oxypropyl “cellTul ose = 8) an

hy drcgxgpn opyld retthyn ieel | (dspse iGHPMC)L cpryafrerallty vilmmmon i um

conbi nation wth at |east one of; WO 2008/ 006712

PCTPEPSE6'7 056566 - 23 b) al koxyl at ed non-ionic's

(especially the PEG PPG PluronicTM material s),

phenol - et hoxyl ates (especially TRITONTM materi als),
Pagitkhylu lawlpyh oratfes reds pedivanity 8bS) haletfleemss dloghaitses in

i ncl udi n SLE este surﬁac%ants 5 %@refer%q
. ! \ / 7 f 7

1 BSRET GiEBs Car o B RE SN TM Bad FABETHE t JRasy ofRd™
loGtd quiles 10espacioaldly aetrylfieramatyhyteammamily me thaorilde
. - CTAB) Particularly preferred solvents are hal oforns
1spprops@cily isobutanol), organic acids (preferably formic
acid, acetic acid), amides (preferably formamide,
N,N-dimethylformamide), nitriles (preferably aceto-nitrile),
esters (preferably ethyl acetate) aldehydes and ketones
(preferably methyl ethyl ketone, acetone), and species
comprising a hetroatom bond with a suitably large dipole
(preferably tetrahydrofuran, dialkylsulphoxide). Mixtures of

the aforementioned may also be employed.

The presence of some low level of water in the non-agueous
solvent is not excluded, as a cheaper technical grade of the
solvent may be used rather than a more expensive analytical

grade. Preferably the level of water is below 1%.

Particular examples of non-agueous solvents, payload
materials soluble in the solvent and carrier materials also

soluble in the solvent are provided in Table 2 below.



10 process type Il (preferably di-chloronethane,
chloroform, Ilower (O-A O alcohols (preferably
woredosancThz et hanol, isopropanol, isobutanol), POT/BRPIWT056560
acids (preferably formc acid, acetic acid), am des
(preferably formam de, N, N-di nethyl f or mam de),
nitriles (preferably aceta-pitrile), 15 esters
(preferably ethyl acetate) al dehydes and ket ones
(preferably nmethyl ethyl ketone, acetone), and species
conprising a hetroat om bomdblet B a suitably | arge

di pol (prefera ah dr of ur an, “ "
G Erighe s S ver s d el e B malie At kb Le
may al so be enpl oyed. 20 I;'ﬁmlm@g;ence of sone | ow

| evel of water in the non-agueous solvent is not

excluded, as a cheaper technical grade of the solvent
Lyvtical

—eyo used rather than o nore oxpon
NeagkinpEtRgr abl y t|[H248Kel of wat er] Hatefsissdubhe 25
FHRATP LS aP L eHARPF oy IFMIRFLR CUY JRarstiers pﬁé%ﬂl@%ic? in
fmselible payloed i|mquRousl vent and sedveng material s
materigbsuble in tHessloteardrd are prquvided in Table 2
Oel 66 81 Wi 2008/ JUutnloar dXolni=P200 /7100060 - 24- Tabl e
Zf&@gégd@hase sol Jents/carriers to |make paier
8 éi:‘ R iHUULl N Eﬂ‘ﬁ)a[hd Tt ny ) dro = gl
ggE egMP vvater- i mm sci Ie non- qart€rs, eo]i e in
ES%&gfrobfuy'uuu %ﬁiﬁﬁbromefhane PVP
Phenol-ethoxylate

Azoxystrobin dichloromethane | PVP

PEG-PPG
Divanillin DMSO PVP

HPC
Polycaprolactone DCM PVP

PEG-PPG
1-Napthylamine DCM PVP

PEG-PPG
Lambda Cyhalothrin | DCM PPV

PEG-PPG
Homoeriodictol DMSO PVP

HPC
Sudan Red Chloroform PEG-PPG
0il Red O (dyes) Dichloromethane | PVP

These combinations of materials give a product which is
dispersible in water to form a nano-dispersion of the water-

insoluble payload material.

Some materials exhibit a low solubility in both agqueous and
non-aqueous solvents (examples are Homoeriodictyol and
divanillin), both of which are insoluble in water, ethanol
and poly-propylene glycol. However these both materials are

soluble in DMSO. By selection of a carrier which is also
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materi al s solvents Chlorothal onil Chloroform PVP

(fungi cide) PEG PPG Anphoner Resin Ethanol Hydroxy
w@eapphe71 Resi n- AM) cel | ul ose Azoxystrobin  PCT/EP2007/056560

di chl or onet hane PVP Phenol - et hoxyl ate Azoxystrobin

di chl or onet hane PVP PEG PPG Divanillin DVSO PVP HPC

Pol ycapr ol act one DCM PVP _BEG PPG 1- Napt hyl am ne DCM

PVP PEG PPG Lanbda Cyhal othrin DCM PPV PEG PPG

Honoeri odi ctol DVMSO PVP HPC Sudan Red Chl orof orm
soRPBEG1RPGn GdthRetsSQ( dyels onbi cffl oraret, haneaBYR Bnthése (for

combi natj on f .mateerials . give a prodyct which is
G SUBTBECH vt &8 £ PdPa HanbLa Cpdr SFOR-6f SPRE S
foat @ JiRseirublag 1payl eaderater iial £ht0 398 Bt @hiidhs can be

exhibit a low solubility in both aqueous and
“ddesodqeeious Ns et s téravgl € &F& -Honoer i odi ct yol and

Spray drying, the most preferred method of drying, is well
known to those versed in the art. In the case of the present
invention some care must be taken due to the presence of a
volatile non-agqueous solvent in the feedstock being dried.
In order to reduce the risk of explosion when a flammable
solvent is being used, an inert gas, for example nitrogen,
can be employed as the drying medium in a so-called closed
spray-drying system. The solvent can be recovered and re-

used.

We have found that the ‘Buchi’ B-290 type laboratory spray

drying apparatus is suitable.

It is preferable that the drying temperature should be at or
above 100 Celsius, preferably above 120 Celsius and most
preferably above 140 Celsius. Elevated drying temperatures
have been found to give smaller particles in the

re-dissolved nano-disperse material.

In addition to the non-aqueous solvent an optional
co-surfactant may be employed in the composition prior to
the drying step. We have determined that the addition of a
relatively small guantity of a volatile cosurfactant reduced
the particle diameter of the material produced. This can
have a significant impact on particle volume. For example,
reduction from 297nm to 252nm corresponds to a particle size

reduction of approximately 40%. Thus, the addition of a
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divanillin), both of which are insoluble in water,
et hanol and pol y-propyl ene glycol. However these both
wodosnoais are 15 soluble in DMSO By sel ecti oPCDEPB07/056560
carrier which is al so WD 2008/ 006712 PCT/ EP2007/ 056560
-25 soluble in both DVMSO and one of water, ethanol and
PPG (for exanple PVP/HPC).-kt is possible to obtain a
nano-di sperse formof either payload material in the
carrier, which can be "dissolved" in water, ethano
smarl IPRGang i$pr ay doyisng,f sicheno stf flpref er sédptet hodl of

. drying, is LI own to those versed.in the art.. In

R QR oo e pr GenE T EnEPEn Pedd "0t & fasC Toe

ma&@&@%l@uéck@rhﬂ%gp&%s%%%e Es@ntvﬁh@%hkﬁoﬁoﬂi%%@%QUS
solvent in the feedstock being dried. 10 In order to

cheagiee tthe fiisk lofredyicesifermwian ignf.l ammabl e  sol vent
is being used, an inert gas, for exanple nitrogen,
can be enployed as the drying nediumin a so-called
Prelfesedd sprayrdiuyithgtsystremshthe soladentleahode or amine
recovered  and re- used. 15 W have found that the
with, GhiPC1BL2G0 PRy e IPdboratory spray  dryi ng appar at us
is suitable. It is preferable that the drying
tenperature should be at or 20 above 100 Cel si us,
Prgifefrarcablop —abvaie c120 teelagicus imwd rmesdicohpref.ePalgifyp rred

co@%%%%@%%%n%%l%E%Sgr§%%%%t% c%%%h%ga%%ﬁ%%@%%%he%arQ%%%larly
been found to give snallFer particles in e
prie@edirgsoloved urdrctdingpense rrtextald f2n rhaddirtcuen to

t he non-aqueous sol vent an opti onal ,
consisting of the 3-6 carbon alcohols. Suitable alcohol
co-surfactants include n-propanol, n-butanol, n-pentanol,

n-hexanol, hexylamine and mixtures thereof.

Preferably the co-surfactant is present in a quantity (by
volume) less than the solvent preferably the volume ratio
between the solvent and the co-surfactant falls in the range

100:40 to 100:2, more preferably 100:30 to 100:5.
Type III and IV processes:

In addition to the processes in which the carrier is water-
soluble and the payload is water-insoluble, it is also
possible to use an oil-soluble carrier to deliver a contra-
soluble (i.e. oil-insoluble) payload into a non-agueous

environment.

As with the processes of types I and II for making water
soluble/dispersible products, the process used to obtain an
0il soluble product may use a mixed agqueous/non-agueous

solvent for the water soluble payload material (as in type
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co-surfactant may be enpl oyed in the conposition prior
to the drying step. W have determ ned that the
wa@odasbocom of a relatively small quantity of aP@DEPRI00T/€56560
cosurfactant reduced the particle dianeter of the
materi al produced. This can 30 have a significant
i npact on particle volune..oFor exanple, reduction
from297nmto 252nm corresponds to a particle size
reduction of approximtely 40% Thus, the addition of
114 )WOI20@8£0068 72 nRETMEP2@0 HaQ56560 1 v- 26 s maltle rquant iithy type

f co-surfactant offers a sinmple and, i nexpensive .
T e FROT I 5F FEquciiG Clid BRATORe SRFd<sl L Smarer) spduble in
waR@GOr dinRG et @ rihe spleesett tiypeentrizan awidt heut reClRRGINBed in
the final product fornmulation. 5 Preferred
fugshsur Patednt $earo@ -short chain al cohols or anmine with
a boiling point of <220C. Preferred co-surfactants are
| i near al cohols. Preferred 10 co-surfactants are
Type TaTy alanohdisperdidblendin lBdll)i Colrasl pf pmebddr-ed
co-surfacgtants i%? sel ected fromthe group .consistin
of the 3iRSg material using @ mlgceﬂnmlvent system
co-surfactants include n-propanol, n-butanol,
n- pentanol, n-hexanol, hexylam ne and m xtures
Thtilve peplectl® tPitdfceialyley tiibe egoyideacrame theodpodsentiing a
na%oqu%%t%E i%%yofV%H e s%ﬁ%%l%ha%t%Q%aﬁoh%e%% oil-soluble
pre erébly the Yollume “T'& 0~ bet ween the ‘Sol Vet ~and
calrite egonsufractlaniorfealilss nigh thike srapge 0£200: 40 to 100: 2,
nore preferably 100:30 to 100:5. 20

(i) providing a mixture of:
a) a non-aqueous solvent for a carrier material,
b) an oil-soluble carrier material which is also

soluble in the mixture of non-agueous solvent (a)
and aqueous solvent (c¢), said carrier material

being solid at ambient temperature,

c) a second agueous solvent for a payload material,
salid aqueous solvent being miscible with non-

agueous solvent (a), and,

d) a payload material which is soluble in the mixture

of solvents (a) and (c¢) but not in (a) alone, and,

(ii) drying the mixture above ambient temperature to
simultaneously remove solvents (a) and (c¢) and thereby

obtain the carrier material (b) in a solid form with
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Type 11l and IV processes: In addition to the
processes in which the carrier is water- soluble and

wo b@spasripad i s water-insoluble, it is al so 25PQDEB20bT/@56560
to use an oil-soluble carrier to deliver a contra-

soluble (i.e. oil-insoluble) payload into a
non-aqueous environnment. As.with the processes of
types I and Il for naking water 30 sol ubl e/ di spersible

products, the process used to obtain an oil soluble
pr odbhet pamgy casle (a) mdXegeageeoubemennagueausanspbvedtulate

for the water soluble payl oad rial (as in type WO
20080067 15 PET EPSGOTF 056560 O 35¢1 [y L “CRE 1S o0l
al t grRpkirke il WBY gShaPlhy ¥se Walek i6as oifh (byPend ¥) nano
provi ded that the oil soluble carrier is also soluble

in Marersithesé pgrocesses of types Il and IV are
described in further detail below. 5 Type III:
nano-di spersible (in oil) fornms of an oil- insoluble

Sutatérlicalaqueiong & ofiveed ssdhnvanides ywattem athi & laspeoct yak
the invention provides a nethod of making a 10

SOH&d di°sper si on of oil-insoluble material in an
oi |l -soluble <carrier material conprising the steps of:
(i) providing a mxture of: 15 a) a non-aqueous

Sugglabert clgr igrcawticar adwt diriedlerrel) tan heirleigsolagbl'erater

Ga r.ier _material ,whi.ch i, alsg sol uble in the,m xture
o) P le"carriér materials include greferred water-soluble
of "non-aqueous “solvent (a) — and agueous solvent fb),

poSain@ rear prelf efatker valt e20 sbeung S ehird aat: aami entd preferred
t enper ature, | , , ,
water-soluble inorganic materials. Of the preferred carrier
materials mentioned above, the surfactants and the polymers
are the preferred carriers as these have adequate solubility

in water and an adequate solubility in non-aqueous solvents.

Particularly preferred carriers include poly-ethylene glycol
(PEG), poly-vinyl pyrrolidone (PVP), alkoxylated non-ionic’s
(especially the PEG/PPG Pluronic™ materials), and mixtures

thereof.

Particular examples of non-agueous solvents, payload
materials soluble in the aqueous solvent and carrier
materials also soluble in the solvent are provided in Table

3 below.

Table 3

Solvents/Carriers to make “oil soluble” products




10

c) a second aqueous solvent for a payload material,

sai d aqueous solvent being mscible with non 25
waousous1sol vent (a), and, d) a payl oad nateripdT/MP2001056560
is soluble in the m xture of solvents (a) and (c) but
not in (a) alone, and, 30 (ii) drying the mxture
above anbi ent tenperature .Hbe.sinultaneously renove
solvents (a) and (c) and thereby obtain the carrier
material (b) in a solid formw th WD 2008/ 006712
Red{ EEROOTHAE56560 |-sfllvdiretpafdOachd d) | didpecietle
éhenplesi 8f aonBAOPYrdd il € form wherRirtill® also
Phesveblef phieodiyijng step is oil  di spacipie tie water
Iﬁgtgﬂaggl ut1on of (b) and a nano di sperS| on of (c).

WI VCIILD 1 IIL;I UUC V‘ﬁ.l allu

1% ﬁ.é? CUUO |
g?(gcltlr o?y?% {g%l ut i|ohs;S*sui t abl e carr i E,EEEHFP %|P%

(referred to herej as " water 10 sol ubl

Ratervargl)aiaelade "ieterred wat er - sol ﬂﬂgIGe PRS6IRATer s,
Lpreferr [ -sollubl [ f 0 nd FyFef err ed
wat er-sol ubl e inorganic materials. O the preferred
carrier materials nmentioned above, the surfactants
and the polynmers are the preferred carriers as these

Th@%%egﬁﬁﬁﬂkﬂkea&%|@kakkﬁlkﬁeiﬁnW@b%ra@ﬁ@o@% adeqguate
solubility in non-aqueous solvents Particularly

(Cpriefénr edcdans eindoirpéloude apel prépmyilene épy@o@ nano-
ol rrali.do I
RO O YO LRI R R Bk BB G 5 v
o fmetxeuripdles ) ,1fam®hemp>ﬁot¢ree$ o020 ttylver éafl. is used to disperse

sodium sulphate in a carrier which is a mixture PVP and

PEG/PPG, then the resulting product can be dissolved in an
0il (such as chloroform, in which sodium sulphate is
insoluble) to obtain a nano-dispersion of sodium sulphate in

a solution of the carrier in chloroform.
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Parti cul ar exanpl es of non-aqueous solvents, payl oad

materials soluble in the agqueous solvent and carrier
wodosnoais al so sol uble in the sol vent are proRCTEE2007056560

Table 25 3 below. Table 3 Solvents/Carriers to make

"oil soluble" products 30 WO 2008/006712

PCT/ EP2007/ 056560 -29 Nonshimting Sol vents for the

O l-soluble exanples of oil- carrier carriers also

i nsol ubl e payl oad soluble in water materials Sodium
TyPel gVat e oldt-eoli¥Re FE@EmEPGIPRG oRdl-yinsioiyblal calteirial

Wat er PEG PPG PEG.PVP Th se Q:rodu ts are dispersible

in non-a as chl oroform

and ethanol to forma nano 5 di spersion of the payl oad

in the non-aqueous solvent. By way of exanple, if the
Thgsoeesscéf ofypéel Hnvies tdsed ptr@vmd%elas@et@@@h g making

ul [ C r ich is ur,

s ECQ-}%E% elet %gglot %e ?%é‘"ﬁ?ﬂdt%.“%gﬁ gug:ﬂto)%:taﬁ% gigsgolovéd

solukdre maitle risleh ias achlidrabduml e rawtiieh sadieural

sul phate is 10.insoluble) to obtain a nano-dispersion
pr@ﬁ%@@@m@ﬂ?ﬁﬁéﬂé‘% r€a S$6PG °6n of the carrier in

chl orof orm WD 2008/ 006712 PCT/ EP2007/ 056560 - 30

(i) providing a mixture of:
a) an agqueous solvent,
b) a carrier material soluble in agueous solvent (a),

salid carrier material being also soluble in oil

and solid at ambient temperature,

c) an oil-insoluble payload material which is soluble

in aqueous solvent (a), and,

(ii) drying the mixture above ambient temperature to remove
(a) and thereby obtain the material (b) in solid form
with (c¢) dispersed therein in a nanoparticulate form,
wherein the product of the drying step is oil-
dispersible to give an o0il solution of (b) and a nano

dispersion of (c).

Particular examples of non-agueous solvents, payload
materials soluble in the solvent and carrier materials also

soluble in the solvent are provided in Table 4 below.

Table 4

Single phase solvents to make oil soluble products
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Type IV: oil-soluble forms of an oil-insoluble
material using a single solvent system This aspect of
wo b@sioosrent i on provi des a nethod of making 5 PCT/EP2007/056560
oi | - sol ubl e nano-di spersions of at nobst sparingly oil-
soluble materials in a oil-soluble carrier materia
preferably conprising the steps of: (i) providing a
m xture of: 10 a) an aqueous solvent, b) a carrier
mat eri al sol uble in agqueous solvent (a), said carrier
material being also soluble in oil 15 and solid at
anbi ent tenperature, c) an oil-insol uble payl oad
mat erial which is soluble in aqueous solvent (a),

ROA-1iMitihg 0ry'ng.Adﬁédﬁé“é&fbéﬂ%%“‘dﬂﬂuéﬂﬂhble

Leghpiakube LpiLremgy
ER&Siﬁﬁie(§3¥18a ol
hica, Dafigparticu

(a) and therely Q@i tRAuble

|d form with (c)

tle form mherein fih

dicnnr o PN . T
1

IS herein
qé E?%ﬁgg?gof t he

anl 11t 1 AN

B 1Y by LAk Paltaret

exanpl es of non-aqy

soluble in the sol W

%?%ﬁ%ﬁé?éfoh”o?"E¥%h‘§M94§§%H'””

eous sol vents,
ent and carrier

pay|Gad

rials
tFe al s al so

soluble in the solvent are provided in Table 4 bel ow
30 Table 4 Single phase solvents to nake oil sol uble
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These materials enable the formation of a material from
which the oil-insoluble payload material is dispersible in
to form a nano-

an ‘oil’ (such as propylene glycol)

dispersion.

In order that the present invention may be further
understood it is further explained below with reference to

specific examples and embodiments.

Examples:

All the particle size measurements are identical; where Img
spray dried powder was dispersed into 1 ml distilled water.
The dispersion was vortex mixed before DLS measurement. All

the particle size data were quoted as Z-average.
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Non-limting Aqueous solvents GOl -soluble exanples of
oil- carriers soluble insoluble payload in sol vent
wodosnoais Poly vinyl al cohol Water Hydroxypr opgT/EP2007/056560
cellulose PVP 5 These materials enable the formation
of a material from which the oil-insol uble payl oad
material is dispersible inyan "o0il' (such as
propyl ene glycol) to forma nano- dispersion. 10 In
order that the present invention may be further
Examgdies tlood N4nosdispéheiomxpbfii Gletobetiialonih (a water—
reference tp ec] i p|, e -nd enbodl -nt
Exanpl es: SQREHS L e

i denti cal ; &mﬁéﬁbﬂémm §6E@W&6Ml§¥b$iwwﬁidwﬁ§tH|§@§réﬁ@
dTSTITTEd Water. TNe Ol Spersron wWas Vortex

into 1 m dI

m xed bef orBEGXBPGRBEGErenent. Al 20 the particle

size data were quoted as Z-average. WO 2008/ 006712

PCT/ EP2007/ 056560 -32 Exanple 1: Nano-di spersions of
A Ghllatdtchalensi brepawatieof itheolfvhlewiiwagi ci de) from a

singl e phase chloroformsolution stabilised with PVP

and PEG PPG PEG 5 A sol ution was prepared of the

cd@ldsawiing:  Conposition

Chlorothalonil 0.2g (10wt.%)
PEG-PPG-PEG 0.4g (20wt.%)
PVP (90kDa) l.4g (70wt.5%)
Chloroform 40ml

At these concentrations, the solid components were readily
soluble in the chloroform at the measured room temperature

(21.5°C).

The solution was spray dried using a Buchi B-290™ bench top
spray-dryer, operated in a negative pressure mode. Air drawn
from the lab was used as the drying medium and the operating

conditions were as follows:

Pump rate 10% (3.6ml/min)
Inlet temperature 105°C

Aspiration 100%

N, flow (atomisation) Max (approx. 55L/hr)

A dry white powder was obtained. This material was
redispersed in demineralised water at a concentration of
10mg/ml (1.0wt%, 0.lwt% chlorothalonil). This produced an
opaque white dispersion. At this concentration, the material

was relatively slow to disperse (approx. 5 minutes).
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Chlorothalonil 0.2g (10wt.% 10 PEG PPG PEG 0. 49
(20wt .% PVP (90kDa) 1.4g (70wm. % Chl or of orm 40mni
wa@ooslawe2 concentrati ons, the solid conponent SPEEER2007/056560

readily 15 soluble in the chloroformat the nmeasured
roomtenperature (21.5C) . The solution was spray

dried using a Buchi B-290TH;bench top spray-dryer,
operated in a negative pressure node. Air drawn 20
fromthe |l ab was used as the drying nmedi um and the
operating conditions were as follows: Punp rate 10%

3.6m/m.n) Inlet tenperatur 5C.25 Aspirati.on 100%
THip T (BP0 SR TR A C0n CTEEE) R PALT S Nini ¢ o
powder was obtained. This material was redispersed in
dem neralised water at a concentration of 30 10ng/m
ViEToPWte% 0. 1wt % chl or ot Ral®é6iFl ). This produced an
pQRagye white dispersion43%m§r&ﬁ_Q%Q%§qtration, t he
material was relatively slow to disperse (approx. 5
S tRindlatrels Je W@ t2008/ 006712 RPCTHER2007/ 056560 -33 The
resulting solution had the foll ow ng properties:
Pd\}iscosity 1.95cP 5 Parti’cPé7si ze 437nm (di anet er)
St andard deviation 25.5nm Pdl 0.385 10 Exanple 2:
Nano- di spersi on of Chlorothalonil (a fungicide)

Example 2: Nano-dispersion of Chlorothalonil (a fungicide)

from a single phase chloroform solution

stabilised with PVP and PEG-PPG-PEG

Composition

Chlorothalonil 0.2g (10wt.%)
PEG-PPG-PEG 0.4g (20wt.%)
PVP (55kDa) l.4g (70wt.5%)
Chloroform 40ml

At these concentrations, the solid components are readily

soluble in chloroform at room temperature (21.5°C).

Drying
The solution was spray dried using a Buchi B-29%0 bench top
spray dryer, operated in a negative pressure mode. Air drawn

from the lab was used as the drying medium.

Pump rate 15% (5.4ml/min)
Inlet temperature 90°C
Aspiration 100%

N, flow (atomisation) Max (approx. 55L/hr)
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froma single phase chloroformsolution stabilised
with PVP and PEG PPG PEG Conposition 15
w@hkdosnad7hal oni | 0.2g (10wt.% PEG PPG PEG 0. 4BCT/EP2007/056560
(20wt . 9% PVP (55kDa) 1.4g (70wm. 9%  Chl orof orm 40ni
20 At these concentrations, the solid conponents are
readily soluble in chlorakgrm at roomtenperature
(21.5C). Drying The solution was spray dried using a
Buchi B-290 bench top 25 spray dryer, operated in a
negative pressure node. Air drawn fromthe | ab was
b %gfd as the drying nedium Punp rate 15% (5. 4nm / m n)
86 UGH et tenperature 90C Aspiration 100% N2 flow
A GahORIRS Al Rk dMBX weaPRL®%1 n2al/ iih) sWA22008/:0064%2
PCT/ EP2007/ 056560 -34- Product A dry white powder was
reghitspicrsgd Thi slepaneried|l spgs watedi spepse@nicgntration of
i-nerali sed at t,rat.i-on . 5
L 6 G w7 Qi ar STRSTOR T oS prddugeq yged an
opepaguehittict e idipeperisinan AtAtthtikl s ocoareentrdibnon theh@aterial
materi al  was consi der abl ui cker (than exanple 1) to
vadi SPEFSESEPESY W& 30 @é@gnﬁgsampi@ W s &EGs Pty PEIGEP (1ess
£ hBar tioClse $ing’ )452nm (di anet er)

Viscosity 1.0cP

Particle size 452nm (diameter)

Standard deviation + 5.72nm

PdI 0.181

Example 3: Nano-dispersion of Chlorothalonil (fungicide)

from a single phase chloroform solution

stabilised with PVP and PEG-PPG-PEG

Composition

Chlorothalonil 0.05g (10wt.%)
PEG-PPG-PEG 0.1g (20wt.%)
PVP (55kDa) 0.35g (70wt.%)
Chloroform 30ml

At these concentrations, the solid components are readily

soluble in chloroform at room temperature (21.5°C).

Drying
The solution was spray dried using a Buchi B-29%0 bench top
spray dryer, operated in a negative pressure mode. Air drawn

from the lab was used as the drying medium.
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Standard deviation 5.72nm Pdl 0.181 15 Exanple 3:
Nano- di spersion of Chlorothalonil (fungicide) froma

wa ovgloas7phase chl orof orm sol ution stabilised pET/EPIVRIS6560
and PEG PPG PEG 20 Conposition Chlorothalonil 0.05g
(10wt.% PEG PPG PEG 0.1g (20wm.% PVP (55kDa) 0.35g
(70wmt. 9% Chloroform 30nm_325 At these concentrations,
the solid conmponents are readily soluble in
chl oroform at roomtenperature (21.5C). Drying 30 The
solution was spray dried using a Buchi B-290 bench top

spray dryer, operated in_a negative .pressure node. Ar
Py a\?v)r%tefromthe | ab msqL??ed%agnllﬁ@l&?yi ng medi um WO

T1n2Q08/QQA6 212 +REE EP2007/ 856660 -35 Punp rate 15%
(5.4nl/mn) Inlet tenperature 90C Aspiration 100% 5

AsSN2 rRltd@( at omi sati on) Mi¥OFapprox. 55L/hr) Product A
d whi t wder s obtain IS iLal was
N, 9F EoRPULE LS mat e, .
2!' e%?spérs%‘ﬁ In %%ﬁ?nera |§<eg \%gt erX at a%cg centration
of 10 Img/mM (0.1wo, 0.01lwmo chlorothalonil). This
roduced an
Product
A dry white powder was obtained. This material was
redispersed in demineralised water at a concentration of
Img/ml (0.1wt%, 0.01lwt% chlorothalonil). This produced an
opaque white dispersion. At this concentration, the material

dispersed at a similar rate to example 2 (less than 30

seconds) .

Viscosity 0.93cP

Particle size 402nm (diameter)
Standard deviation + 15.1nm

PdT 0.228

Example 4-8: Nano-dispersion of Sudan Red 7B (water

insoluble dye.

Example 4

0.50 g Sudan red 7B (Aldrich) and 4.50 g Poly(ethylene
glycol)-block-poly(propylene glycol)-block-poly(ethylene
glycol) (Mw 8,400, Aldrich) were dissolved into 50 ml

Chloroform. The solution was then spray dried at 90°C.
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opaque white dispersion. At this concentration, the
material dispersed at a simlar rate to exanple 2

w@ b@smod7nan 30 seconds). 15 Viscosity 0.93cP PEBEP1001/€56560
size 402nm (di aneter) Standard deviation 15.1nm Pdli
0.228 20 Exanple 4-8: Nano-di spersion of Sudan Red 7B
(water 25 insoluble dye. .Bganple 4 0.50 g Sudan red
7B (Al drich) and 4.50 g Pol y(ethyl ene
gl ycol ) - bl ock- pol y( propyl ene

Th@lwaqlpo@b&&kwﬂﬂly@ethHe@ers&@.ghy©obﬁs¢MWl&d4®®Ler and
Al drich) were dissolved into 50 The

CHEo bR NS e Bepiy RFGUISE GOED NBLI008) HO8PTS -
PCT/ EP2007/ 056560 -36 The dry powder was then
dlspersed into distilled water and the nanoparticle

measured with Malvern Nano-S. Exanple 5 5

1 ]505% %%%]%a%%ed/ ?éﬁ?g&{c@ﬁg)an%”% 2309 @79 tethvlene

ock

gl@bdelXﬂbk&c®oﬂ@|p@@@@ﬁb@@eglquGOIbl@MN ®AF0ethylene
Al dr |ch wer e dlssolved into 50 Di chl or onet hane

9 1@%%? e %500t Ot Was™y hé“ﬁ%prdé;? S@rived atto70€ ™o

Di@%id%&ﬁe&%%%%r (st hendissnersed M%%Ot%b%tbbk%@-WQE%ﬁ at
and the nanopartlcle size was neasured with ['vern

70N&no- S.

The dry powder was then dispersed into distilled water and

the nanoparticle size was measured with Malvern Nano-S.

Example 6

0.50 g Sudan red 7B, 1.00 g Poly(ethylene glycol)-block-
poly (propylene glycol)-block-poly(ethylene glycol)

(Mw 8,400, Aldrich), and 3.50 g Polyvinylpyrrolidone

(Mw 55,000, Aldrich) were all dissolved into 50 ml
Dichloromethane (DCM). The solution was then spray dried at

s0°C.

The dry powder was then dispersed into distilled water and

the nanoparticle size was measured with Malvern Nano-S.

Example 7

0.50 g Sudan red 7B, 1.00 g Poly(ethylene glycol)-block-
poly (propylene glycol)-block-poly(ethylene glycol)

(Mw 8,400, Aldrich), and 3.50 g Polyvinylpyrrolidone

(Mw 55,000, Aldrich) were all dissolved into 50 ml DCM. The

solution was then spray dried at 60 °C.
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Exanple 6 15 0.50 g Sudan red 7B, 1.00 g Pol y(ethyl ene
gl ycol ) - bl ock- pol y(propyl ene
w@bkoosobg7ibl ock- pol y(et hyl ene gl ycol) (Mwv 8, 400PCT/EP2007/056560
Al drich), and 3.50 g Pol yvinyl pyrrolidone (Mwv 55, 000,
Al drich) were all dissolved into 50 n
Di chl oronet hane (DCM . Thessol uti on was then spray
dried at 20 90C. The dry powder was then di spersed
into distilled water and the nanoparticle size was
Theeasyr edwiietrh wiskl \réem Nam@e$se651Exanﬁhetllﬂe50w@ter and
Sudan red 7B, 1.Q0 g Pol y(ethyl ene
LG PCSPOYI G STyEol P bl SER NSty Catty T Bru<gry S6Pp~Er Tt
wa® 40RincAkdr neRk, takd p3a2@ .9 Pol yvinyl pyrrol i done (Mv
55,000, Aldrich) were all dissolved into 50 m DCM
The 30 solution was then spray dried at 60 C. WO
gﬁ/O%G?lz PCT/ EP2007/ 056560 -37 The dry powder was
n dispersed into distilled water and the
1 m@n@pamwamIEeﬁlﬂe wasomE@swma@-wmm@lwhbvgﬂ@cwane£80ckk
was found to have two peaks. % Sudan
POl PFBPYLSH6 § PG et%ﬂcén @Oély;}&*&lh)Y lﬁl“@c |91 yeo
(MRolgy Wpiopyhiene gl yc%ln)d kzl @k gp@loz(yeﬂlwl%%rgﬂm%)e (Mwv
8,400, Aldrich), . ol yvi nyl pyrfolidone (Mwv
N®55@0@00AI@dﬁ@hphmeM@r@IBld|§s@w@édeﬁnﬂ@t@o5ﬁlm@CNﬁM The
h 10 soI ion _was t spray dri.ed at 90 C. The dry
SO&& S Was t%gﬁ gpgggf@r&eﬁn@% ggstﬁlled wat er and
t he nanopartlcle size was nmeasured with Ml vern

no- o.
The dry powder was then dispersed into distilled water and

the nanoparticle size was measured with Malvern Nano-S.

(WP-123)

Details concerning examples 4-8 and their results are given

in Table 6
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(WP-123) 15 Details concerning exanples 4-8 and their
results are given in Table 6 WO 2008/ 006712
weEosaRZ0D7/ 056560 -38- Table 6 Spray Ex. SuPEmEP®A7/056560
Pluronic, PVP, Solvent, ml dry PS, 7B, ng/m ng/m
nmg/m tenmp., nm oC 4 30.0 70.0 -- Chloroform 70 203
50.0 5 30.0 70.0 -- DCM 30.0 70 290 6 10.0 20.0
70.0 DCM 50.0 90 66 7 10.0 20.0 70.0 DCM 50.0 60
172, 50 8 30.0 20.0 50.0 DCM 50.0 90 110 Spray
drying conditions: AspiraTabheréte: 100% Punp rate:
3.62 mMm/mn. 5 Exanple 9-10: Nano-di spersion of Q|
Red 0 (water insoluble dye) Exanple 9 10 1.50 g G|

LF U (Alorlcg ,ll.uugf 0|ykgr yLenelgkyfgl Spray

« R e.qly ock- pol y(et hy p

Exgl y ﬁi Adr gg% Sovent g ml ‘Efﬁpw i

Pol|yVi nﬂ yrroli-done °c

* 130.0 70.0 - chloroform, |4 203

50.0

5 [30.0 70.0 - DCM, 50.0 |70 290

6 |10.0 20.0 70.0 |DCM, 50.0 |90 66

7 | 10.0 20.0 70.0 |DCM, 50.0 |60 172,
50

8 |30.0 20.0 50.0 | DCM, 50.0 |90 110

Spray drying conditions:
Aspiration rate: 100%;
Pump rate: 3.62 ml/min.

Example 9-10: Nano-dispersion of Oil Red O (water insoluble

dye)

Example 9

1.50 g 0il red O (Aldrich), 1.00 g Poly(ethylene glycol)-
block-poly (propylene glycol)-block-poly(ethylene glycol)
(Mw 8,400, Aldrich), and 2.50 g Polyvinylpyrrolidone

(Mw 55,000, Aldrich) were all dissolved into 50 ml DCM. The

solution was then spray dried at 90°C.

The dry powder was then dispersed into distilled water and

the nanoparticle size was measured with Malvern Nano-S.
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(Mwv 55,000, Aldrich) were all dissolved into 50 m

DCM The solution was then spray dried at 90C. 15 The
waleogospasmier was t hen di spersed into distilled pet/@P20ames6560

the nanoparticle size was neasured with Ml vern

Nano-S. WO 2008/ 006712 PCT/ EP2007/ 056560 -39- Exanple

10 1.50 g Gl red O (Aldrigh), 1.00 g Pol y(ethyl ene

gl ycol ) - bl ock- pol y(propyl ene

gl ycol ) - bl ock- pol y(et hyl ene glycol) (Mwv 8, 400,
Examgliecl10, and 2. 50 g Pol yvi nyl pyrrolidone 5 (Mwv

00 Al dri ch) re all dissolved. into 50 ni
1 %ﬁ 23(}| utrlegn%vva§\ﬁ\1%ﬁér? gy% riJ e%oéty ?géyq?ﬂg g&g’/l col) -
bIRRVERIL 1Wa® RN dies @er%%q -0 GH-$loi1 %‘%’h‘ﬁ)@te%re NGcol)
the nanoparticle size was neasured W|th Mal ver n
(Mdarfo480,16-1OWPCcD34) apet &i-P9 gokedwiilag pege lidone

OB Mg oo 8 RO T 5

soRed 1On ammthey/ rto riagy/ Wr ivgl/ wdt Mo °cenp., 0 9 30.0 20.0
50.0 DCM 50.0 90 192 10 30.0 20.0 50. 0 DCM 50.0 70
281 Spray drying conditions: Aspiration rate: 100%

The dry powder was then dispersed into distilled water and

the nanoparticle size was measured with Malvern Nano-S.

(WP-134)

Details concerning these experiments and their results are

given in Table 7

Table 7
0il .
Pluronic, | PVP, Solvent, Spray dry | PS,
Ex. |Red O, mg/ml mg/ml [ml tem °c nm
mg/ml g g p.,
9 30.0 20.0 50.0 DCM, 50.0 |90 192
10 30.0 20.0 50.0 DCM, 50.0 |70 281

Spray drying conditions:
Aspiration rate: 100%;
Pump rate: 3.62 ml/min.
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Punp rate: 3.62 m/mn. WO 2008/ 006712

PCT/ EP2007/ 056560 -40 Exanple 11-12: Nano-di spersion
wo@bkoodmasryst r obi n (water insol uble fungicide) BXERP1087/056560

11 5 1.10 g AzoxystrobinTM 2.00 g Brij(r) 58

(Aldrich), and 6.90 g Pol yvinyl pyrrolidone (Mwv

45, 000, Aldrich) were all .dpssolved into 200 nm DCM

The solution was then spray dried at 70C. The dry

powder was then dispersed into distilled water 10
Exgimpilieg 11wt1%: ANB niorr ddispeerssionn ofh é ziolxy sicxobpar t(walter

Si ze was meagur eg tthther Nano-S. Exanple 12

5.00 g Azoxysﬁﬂ&ﬁtﬂgLﬁg—ﬁﬁgéEﬂgfﬁ(ethyIene

gl ycol ) -bl ock- 15 pol ypropyl ene

gl ycol ) - bl ock- pol y(et hyl ene glycol) (Mwv 8, 400,
Examgpdiec )L, and 35.00 g Pol yvi nyl pyrrolidone (Mwv 45, 000,

dr ) |, ~di ss@lved h
- P B R oy a6 e FbCMABE SRR gred .00 @
Pop@md@@lm@&rbh&@o@esgamsa@ i0mt0g @uﬁkubmedwwabeellg@iem@lved
wt % AzB in di spersion and the nanoparticle size

l“ﬁ@a@@@e@%mqg¥ NEP@eFﬁlN§ﬁ8nswaﬁeF§@PsS@&ﬁ@éﬁﬁﬂﬁ@-@ﬁegg C.

experinments and their results are 25 given in Table 8

WD 2008/ 006712 PCT/ EP2007/ 056560 -41- Table 8 Spray
Thaz Br ySpofidetramte,s RVRN g@mpgmﬁgddﬁ@tpsﬁistilled water

giving 1lwt% AzB in dispersion and the nanoparticle size was

measured with Malvern Nano-S.

Example 12

5.00 g Azoxystrobin, 10.00 g Poly(ethylene glycol)-block-
poly (propylene glycol)-block-poly(ethylene glycol)

(Mw 8,400, Aldrich), and 35.00 g Polyvinylpyrrolidone

(Mw 45,000, Aldrich) were all dissolved into 1.0 litre DCM.

The solution was then spray dried at 70°C.

The dry powder was then dispersed into distilled water
giving 1lwt% AzB in dispersion and the nanoparticle size was

measured with Malvern Nano-S.

Details concerning these experiments and their results are

given in Table 8



Ex. mg/m mg/m mg/m mM tenp., nm oC 11 5.5 Brij

58, 10.0 34.5 DCM 200 70 532 12 5.0 Pluronic, 10.0
w@2008/02h 1000 70 356 Spray drying conditi ONBCT/EP2007/056560

Aspiration rate: 100% Punp rate: 1.80 m/mn. 5

Exanpl e 13-14: Nano-di spersion of Poly-caprol actone

(bi odegr adabl e pol yester) _gxanple 13 10 0.50 ¢

Pol ycaprol actone (PCL, Mwv 14,000, Aldrich), 1.00 g

Pol y(et hyl ene gl ycol) - bl ock- pol y(propyl ene

gl ycol ) - bl ock- pol y(ethyl Eablgl 8col ) (Mv 8, 400,

Aldrich), and 3.50 g Polyvinylpyrrolidone (Mv 55, 000,

Al drich) were all dissolved into 50 ni DCM The

SOT Pt T onm Was Ut Nen spray dnred at]ooc. 15 The o§1¥ray

pow %r was| %‘pe txgersed ﬂr# d| |IIe wat gr PS
B¢ .h &rF2t hanol 'tUI P50 in v%’f%me) !
and {nﬁé l ticle sizq WM hpdd ured wi th NEF®Rrn | P
Nanp- S. ExamJI e 14 20 1.0d g Pol ycaprol act one (CI'DCL, Mv
114, P05 Alldeith)52, 000 g0 Rdl4y.(et hplene200 70 532
]92' yE6l. p- bl joeka ok y& propyd s gl yeokhr, bligok- | 70 356

Qiﬂ%rﬁ;neccﬁ{d/lct%d LMV 8,200, Ardrich), and 2.00 g
Yy Pyl dlqﬂ)e .(Mv 55,000, Aldrich) were all
ﬁsoja&ee&p} rfgtoom_l1 lf;db: DCM The sol ution was then

nn\nr‘nv wne A
TPy A= BN B = = w3 SAA =

di spersed into disti I I ed vvat er V\D 2005/ 0025712
PCT/ EP2007/ 056560

vwoere T

Example 13-14: Nano-dispersion of Poly-caprolactone

(biodegradable polyester)

Example 13

0.50 g Polycaprolactone (PCL, Mw 14,000, Aldrich), 1.00 g
Poly(ethylene glycol)-block-poly (propylene glycol)-block-
poly(ethylene glycol) (Mw 8,400, Aldrich), and 3.50 g
Polyvinylpyrrolidone (Mw 55,000, Aldrich) were all dissolved
into 50 ml DCM. The solution was then spray dried at 90°C.
The dry powder was then dispersed into distilled water,
ethanol, and water/ethanol mixture (50/50 in volume) and the

nanoparticle size was measured with Malvern Nano-S.

Example 14

1.00 g Polycaprolactone (PCL, Mw 14,000, Aldrich) 2.00 g
Poly(ethylene glycol)-block-poly (propylene glycol)-block-
poly(ethylene glycol) (Mw 8,400, Aldrich), and 2.00 g
Polyvinylpyrrolidone (Mw 55,000, Aldrich) were all dissolved
into 100 ml DCM. The solution was then spray dried at 90°C.

The dry powder was then dispersed into distilled water,
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-42 ethanol, and water/ethanol m xture (50/50 in

vol une) and the nanoparticle size was neasured with
wordogmoaTiNano- S. Details concerning these expePCTEPL087/056560

and their results are 5 given in Table 9 Table 9

Bl ock Spray PS, nm Ex PCL, copolynmerm PVP, DCM dry

In my/mM mg/mM mM tenp. lnxln g/mM C water /EWater

tOH EtOH 13 10.0 20.0 70.0 50.0 90 106 242 389 14

10.0 20.0 20.0 100.0 90 407 678 832 Spray drying
et@@ﬂ@ﬂti@mﬁ.WA$&EV&KMGMOﬂah&Xth&@%)50?6@pimaN@iu&e62and the

| e 15: Nano-di,spersion of honer
RO L G4Ed S har Tepeaer T8 B BB IgoeR AR Rignomer
Resi n (28 4910, ex 1Cl), 0.25 g Klucel (r) EF
(Hydr oxypropyl cel | ul ose, Mv 80,000, Hercules Inc.),
Deé@dls4C@@C@rpémwvﬁﬁﬁﬁﬁyﬁ%ﬂeﬁdéﬁ@t§MwH¢5t@@Gr Aﬁ@ﬂﬁéﬁ)are
gl e.al ly,dissol ved into 100 m Ethanol. The sol ution
S then Spray 20 dried at 100 C. The dry powder was
then di spersed into distilled water, and the
nanoparticle size was neasured with WMl vern Nano-S.
Details concerning these experinents and their results

are Table 9
Spray | PS, nm

= | BCL ii;gtymernl PVP, |DCM, |dry —

mg/ml mg/ml | ml temp. | In In

g/ml °cC water Watexr EtOH
/EtOH

13110.0 20.0 70.0 50.0 S0 106 242 389
14110.0 20.0 20.0 100.0 ] 90 407 678 832

Spray drying conditions:
Aspiration rate: 100%;
Pump rate: 3.62 ml/min.

Example 15: Nano-dispersion of Amphomer Resin (used in hair
sprays)

0.25 g of an Amphomer Resin (28-4910, ex ICI), 0.25 g Klucel®

EF (Hydroxypropylcellulose, Mw 80,000, Hercules Inc.), and

4.50 g Polyvinylpyrrolidone (Mw 45,000, Aldrich) were all

dissolved into 100 ml Ethanol.
dried at 100 °cC.

The solution was then spray
The dry powder was then dispersed into
distilled water, and the nanoparticle size was measured with
Malvern Nano-S.

Details concerning these experiments and their results are

given in Table 10.
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given in Table 10. 25 WO 2008/ 006712 PCT/ EP2007/ 056560
-43 Table 10 AM Klucel PVP, EtOH, Spray dry PS, EXx.

wodosioo&Z®2 mg/ M ng/m m tenp., C nm 15 2.5 PCHEE®0ND056560

100 100 445 Spray drying conditions: Aspiration rate:
100% Punp rate: 3.62 m/mn. 5 Exanple 16-18:
Nano- di spersion of Triclosag.(an antimcrobial) from
a singl e-phase m xture of cosolvents stabilised by
SDS. 10 Conposition Triclosan 2.0g (20wm.% SDS 8. 0g
(80wt. % Water m scible solvent 125ml (50/50/

m xture) 15 Three different ter mscible organic
sol vents were enpl oyed (M acet one and

i sopropyl alcohol). At these concentrations, the
solid conponents are readily soluble in the cosolvept
m xturfe at rgomtenperaiure (21.5C) . 20 |Drying The
sQl uti (oAMwmas |dgmeldr i ed PU®i,ng |EBUthi B-IW0apedeh t(0PS,
) mg/ml | EF, mg/ml |mg/ml |ml temp., °C nm

15 2.5 2.5 45.0 100 100 445
Spray drying conditions:

Aspiration rate: 100%;

Pump rate: 3.62 ml/min.

Example 16-18: Nano-dispersion of Triclosan (an

antimicrobial) from a single-phase mixture of

cosolvents stabilised by SDS.

Composition

Triclosan 2.0g (20wt.%)

SDS 8.0g (80wt.%)

Water miscible solvent 125ml1 (50/50Y/, mixture)

Three different water miscible organic solvents were
employed (ethanol, acetone and isopropyl alcohol). At these
concentrations, the solid components are readily soluble in

the cosolvent mixture at room temperature (21.5°C).

Drying
The solution was spray dried using a Buchi B-29%0 bench top
spray dryer, operated in a negative pressure mode. Air drawn

from the lab was used as the drying medium.

Pump rate 7% (2.5ml/min)
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25

spray dryer, operated in a negative pressure node. Air

drawmm fromthe | ab was used as the drying nedium 25
w@ooop/00cte 7% (2. 5ml/ m n) WO 2008/ 006712 PCT/EP2007/056560

PCT/ EP2007/ 056560 -44 Inlet tenperature 120C

Aspiration 100% N2 flow (atom sation) Max (approx.

55L/hr) 5 Products For eagh.different cosol vent

system a dry white powder was obtained. These

mat eri al was redi spersed in demneralised water at a
Indencertnpatriaamref | mg/ M 120°Awm %, rapidly producing a

crystal clear dispersi on t hat remai ned stable 10 for
ASHEFE % REn 12 hours. Al 'CRe di spersions appeared to
N,PEodUcespant ket esnpfmbRe (shptbar sbzesrand _

di stributions. Details concerning these experinents

and their results are given in Table 11. 15 Table 11
p gL AE O+~ Nrl Nrl r I N-1rl Nrl Nb 140

r-url U 'd OU.O0OW>1 114 .0 W>1 aarl NNHN
Forrl eNcN HiMflierknN NoNolvent system, a dry white powder was

obtained. These material was redispersed in demineralised
water at a concentration of Img/ml (0.1lwt%), rapidly
producing a crystal clear dispersion that remained stable
for more than 12 hours. All the dispersions appeared to

produce particles of the similar sizes and distributions.

Details concerning these experiments and their results are

given in Table 11.

Table 11
g g Z
o Sy b o
a + (U] ) (U] B, —
U] B, — 9] — 9] ]
> 0 0 H 0 H =
— [o] s [U] s a e}
0 0 o > 0 > I~
(/] 1] H N - 0 X H N - 0 X /]
0 o @ - o] odd @ - o] odd Q
5} > [T n | &0 o (Y n | &0 o (2
peak 1 | peak 1 peak 2 | peak 2 wt.%
(cP) (d.nm) (d.nm) | peak 1 | (d.nm) (d.nm) | peak 2 | (UV)
Ethanol | 0.9 3.5 0.088 0.0674 | 187 28.2 0.1829 | 13.6
Acetone | 0.9 3.01 0.061 0.0504 | 127 15.8 0.2605 | 14.8
IPA 0.9 3.06 0.045 0.0487 | 179 16.5 0.1957 | 17
Example 19: Nano-dispersion of Sudan Red 7B (dye)
stabilised with SDS only, spray dried from a
mixture of cosolvents.
Composition
Sudan Red 7B 0.2g (4.8wt.%)
SDS 4.0g (95.2wt.%)

Water/Acetone 200ml (50/50Y/, mixture)
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orl brl QO0OdWbrl QO0OdWW U>@ NEna'd"'d
a NEna'd'd 4 peak 1 peak 1 peak 2 peak 2 wt. %
w@ eddp/o¢atinm (d.nm) peak 1 (d.nnm) (d.nn) peak PCT/ERI007/056560
Et hanol 0.9 3.5 0.088 0.0674 187 28.2 0.1829 13.6
Acetone 0.9 3.01 0.061 0.0504 127 15.8 0.2605 14.8
| PA 0.9 3.06 0.045 0.0487 .49 16.5 0.1957 17 Exanpl e
19: Nano-di spersion of Sudan Red 7B (dye) stabilised
with SDS only, spray dried froma 20 mxture of
cosol vents. Conposition Sudan Red 7B 0.2g (4.8Wm.%

DS .4.0g (95. 2wt . %9 25 Wat er/ Acet one 200ml(50/5Q/ .
Adlail%lﬁfle;% f\/\%?]fo(%) 608712 SP@?PE@?@@?FO%%%O r%-d4§ 2lution.
Hohddictd, onnefrct Re igaselpyentre Pproduced &eddr kn@d quantity of

solution. However, there still appeared to be a very
unsidgisio lggah tSivdpnoRedyndhss6itvad , Stdan SRed.t iPRemeford l tered
thg&ﬁ,g%o Ly ts't%]% 4498 Tl tered @ daroyah,a t%%aggﬁreq* ,@%’&” to
unber "1 filter paper, prior to “spray drying. yi ng
sphhg slalydtigan was spray dried using a Buchi B-290 bench
top 10 spray dryer, operated in a negative pressure
node. Air drawn fromthe | ab was used as the drying
D#F%%%”n Punp rate 7% (2.5m/ mn) Inlet tenperature
20C 15

Aspiration 100%
The solution was spray dried using a Buchi B-290 bench top

spray dryer, operated in a negative pressure mode. Air drawn

from the lab was used as the drying medium.

Pump rate 7% (2.5ml/min)
Inlet temperature 120°C
Aspiration 100%

N, flow (atomisation) Max (approx. 55L/hr)

Products

A dry pink powder was obtained after spray drying. This
powder redispersed rapidly at a concentration of Img/ml
(0.1wt.%) to produce a dark red/purple, transparent
solution. Particle sizing of this dispersion revealed two

distributions of particle sizes.

Viscosity: 0.90cP

Particle size (peak 1) 39.3nm (diameter)
Standard deviation (peak 1) + 5.27nm

PdI (peak 1) 0.0542

Particle size (peak 2) 266nm (diameter)
Standard deviation (peak 2) +* 45.7nm

PdI (peak 2) 0.0482
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15

E :dl gmsfz%r)

N2 flow (atom sation) Max (approx. 55L/hr) Products A
dry pink powder was obtained after spray drying. This
wQ@0oopoveter redi spersed rapidly at a concentr at POTYER$007/056560
lmg/ M (0.1wm.% to produce a dark red/purple,
transparent solution. Particle sizing of this
di spersion revealed two diugtributions of particle
sizes. 25 Viscosity: 0.90cP Particle size (peak 1)
39.3nm (di aneter) Standard deviation (peak 1) 5.27nm
Pdl (peak 1) 0.0542 Particle size (peak 2) 266nm
30 S andard deV| at . k 45

‘0. DA

Exanpl e 20: ulﬂwpuﬂlépgaﬁtpnwleicﬁogaﬂnbétaﬁgpéﬁsé@nm

oil- insolUDTE salt) which can be dlspersed 1N

Chl or of or m EhemefR¥fi on  Sodi um Sul phate 1. 0g

(10wt.% PEG PPG PEG 2.0g (20wm.% PVP (30kDa) 7.0g

(70wt . 9% 10 Water 200nmL At these concentrations, the
Coapldsd td@mponent s are readily soluble in water at room

t erature (21.5C 15 Dryin
Sod%g%.Sulp hat % ) (10w%.%g
PEG-PPG-PEG 2.0g (20wt.%)
PVP (30kDa) 7.0g (70wt.%)

Water 200ml

At these concentrations, the solid components are readily

soluble in water at room temperature (21.5°C).

Drying
The solution was spray dried using a Buchi B-29%0 bench top
spray dryer, operated in a negative pressure mode. Air drawn

from the lab was used as the drying medium.
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The solution was spray dried using a Buchi B-290 bench
top spray dryer, operated in a negative pressure

wonae/no#ilz drawn fromthe | ab was used as t hepdr/EP19g7/056560
medi um WO 2008/ 006712 PCT/ EP2007/ 056560 -47 Punp
rate 10% (3. 7m/ mn) Inlet tenperature 120C
Aspiration 100% N2 flow (atom sation) Max (approx.
55L/hr) 5 Product A dry white powder was obtai ned.
This material was redispersed in chloroformat a

Puopnaerttr ati on of appr oxiOfat(@l.yrllog/im) (0. 1wt o,

. 01wt % sodi um sul phate). This 10 produced an

Ingﬁt%i CAMRY TEITEAF t ranspa)rl&!?tgdi spersion. Viscosity

As®i8QeRoRarticle size 366nme(di anmeter) N.B. there are
clearly two other smaller particle size 15

Nodfsevi batpohsahtoar ound e dRPaRE@*60 S8/ hrtowever, the
| arger 366 nm peak represents the mpjority of the
particle mass. Standard deviation 53.4 nm 20

Priexarql e 21-23: Nano-di spersion of Pol yvinyl al cohol
(PVA, an oil-insol ubl e pql ymelr)T i.n et hanal,

A CRIVorErormP 4G Tprpy Peté 1giefcolTN2s  BR&fpIE 1217as

redispersed in chloroform at a concentration of

approximately Img/ml (0.1lwt%, 0.0lwt% sodium sulphate). This

produced an optically clear/transparent dispersion.

Viscosity 0.80cP

Particle size 366nm (diameter) N.B. there are clearly
two other smaller particle size
distributions at around 10 nm and 60 nm.
However, the larger 366 nm peak
represents the majority of the particle
mass.

Standard deviation £ 53.4 nm

Example 21-23: Nano-dispersion of Polyvinyl alcohol (PVA, an

oil-insoluble polymer) in ethanol, chloroform

and propylene glycol

Example 21

0.50 g Polyvinyl alcohol (PVA, Mw 10,000, Aldrich), 1.00 g
Poly(ethylene glycol)-block-poly (propylene glycol)-block-
poly (ethylene glycol) (Mw 8,400, Aldrich), and 8.50 g
Polyvinylpyrrolidone (Mw 45,000, Aldrich) were all dissolved
into 50 ml water and 50 ml ethanol cosolvent. The solution

was then spray dried at 90°C. The dry powder was then
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0.50 g Pol yvi nyl al cohol (PVA, Mwv 10,000, Aldrich),

1.00 g Poly(ethylene glycol)-bl ock-poly(propyl ene
w@bkoosobg7ibl ock- pol y(et hyl ene glycol) (Mwv 8, 400CT/EP2007/056560

Al drich), and 8.50 g Polyvinylpyrrolidone (Mwv 45, 000,

Al drich) were all dissolved 30 into 50 M water and 50

m et hanol cosol vent. The .gglution was then spray

dried at 90C. The dry powder was then WO 2008/ 006712

PCT/ EP2007/ 056560 -48 di spersed into ethanol (EtOH)
diampe riskeel Aanoparthiaciod SEz©HVasndreasunedopstrt iMAlkeverine was

e 22 5 0. 50 Pol yvi nyl al coho
me ﬁvﬁiegw(l% %&V%“dﬂ 6’% 7 K ueel (r) EF (Mw
80 000, Hercul es Incorporated) and 8.50 g

PonV|nyIpyrroI|done (Mv 45,000, Aldrich) were all
Exgmpd 6 into 100 mM distilled water. The sol ution

S r at 0Cy,, T p s th
048 ??23%‘1 3 pdocpRat ka0t T8 At P IS 1198 o
Klm&@dBaEF|¢Me 80ZGO&@SH@HE6$GBeﬁDMDtbobhtaérn Nanos S50 g

(SP-2) Details concernln% t hese experlnents and .their
|/

Porléfé’&lnt@péﬂré oldidvas i (Wr4pr & P2, AMErEsh) e WEFSSE LY ﬁé ssolved
i 190 m14kideia 1kl FH D > TheHsB1WLGBnQh Bt @HRPGpray

dried at 150°C. The dry powder was then dispersed into
propylene glycol (PPG) and the nanoparticle size was

measured with Malvern Nano-S. (SP-2)

Details concerning these experiments and their results are

given in Table 12.

Table 12
- > O PS, nm
© — ~ oo
v 2 B 2 ge!
— O\ C: -~
g E S g E > < o
i < = . o< — V= EtOH | PPG
P > o n N > o o Q, O
=3 (AT S n P (AT n g n P
Pluronic 220,
21 15.0 " 185.0 50/EtOH, |90 250 N/A
10.0 50
22 15.0 HPC, 10.0 |85.0 H,O, 100 | 150 N/A 326
Spray drying conditions:
Aspiration rate: 100%;
Pump rate: 1.80 ml/min.

Example 23-24: Nano-dispersion of Homoeriodictyol (HED) and

Divanillin nanoparticles in ethanol or

propylene glycol
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X>0>0) or Q (bDwasU +~as U U _P

Pluronic, H20, 21 5.0 10.0 85.0 50/ EtOH, 90 250 N A
wG 000888752 0 HPC, 10.0 85.0 H20, 100 150 N A 32BCT/BP10ay056560
drying conditions: Aspiration rate: 100% Punp rate:
1.80 mM/mn. 20 Exanple 23-24: Nano-di spersion of
Honoeri odi ctyol (HED) and _4pivanillin nanoparticles in
et hanol or propyl ene glycol WO 2008/ 006712
PCT/ EP2007/ 056560 -49- Exanple 23 3.00 g
Hormeri odictyol, 2.00 g Klucel (r) EF
E pr opyl cel | ul ose, Mwv 80, 000, Hercul es

at ed), 5 and 15.00 g Pol yvinyl pyrrolidone (Mwv

3.49, Q0Gomdledtiicen)-twerne al loodigs xahved®i pto 600 ni
Di net hyl sul foxi de (DMSO). The solution was then spray

Hydired vatrr o2y cel 1He séry Mpowde © Olas Hetrlserd egi dpergegrated),
andnﬁ% %bsé'ﬁoﬁ@gﬁ%&ﬁ%gr%%ﬁ%%%%@ p@ Q%o%%ben%ldgh%%gdWere

respecti nanoparticle siZze was neas
a110 AMistshy lh/@ldv&mol\m@@- 81 OSYell)ylExarplked24 (@M2B)g The
Divanillin, 0.25 Kl ucel (

SOoL iy dPEX Yo Wieélelslpe?la@s &r leﬁ{/\/aéo 2360, CHereq §xy powder was

th%%cgﬁ%%%%%%@)an%%ddﬁSQngeh5w%QE%V'%X%Bﬁbﬂ0|h%@ﬂ%r@%@lene
000, Aldrich) were all dissolved
glycol respectlvely, and the nanoparticle size was measured

with Malvern Nano-S. (SY-12)

Example 24

0.25 g Divanillin, 0.25 g Klucel® EF (Hydroxypropylcellulose,
Mw 80,000, Hercules Incorporated), and 4.50 g
Polyvinylpyrrolidone (Mw 45,000, Aldrich) were all dissolved
into 100 ml Dimethylsulfoxide (DMSO). The solution was then
spray dried at 210 °C. The dry powder was then dispersed
into distilled water, ethanol, and propylene glycol,
respectively, and the nanoparticle size was measured with

Malvern Nano-S. (3SY-10)

Details concerning these experiments and their results are

summarized 1in Table 13.
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into 100 m Di net hyl sul foxi de (DMSO). The sol ution was
then spray dried at 210 C. The dry powder was then
waolcepeoerl into distilled water, ethanol, andpCT/EP2007/056560
propyl ene glycol, respectively, and the nanoparticle
size was neasured with 20 Mal vern Nano-S. (SY-10)
Details concerning these experinents and their results
are summarized in Table 13. 25 WD 2008/ 006712
PCT/ EP2007/ 056560 -50 Table 13 PS, nm S Q n WH O
EtOH PPG N mb) +) 7~ BrabldJX83co co I~ f w U FZ~ X
wU U 23 HED, 5.0 3.3 25.0 DM5O, 600 210 849 678 324
24 Divanillin, 2.5 45.0 DVMsO, 100 210 627 520 396 2.5

Spray drying condi tigns. piration|rate. [100%  Punp
rate: 1.80 m/nmin. 5|Exanplie 25: \Wat ¢r di spéssitol e
1- ngapht hyl am ne 70%|PVP ( 30K), 20% PRI ur onilc_E68 and
10% 1- napht hyl alni e :
— ~ O,
IS o g
~. IS [0)
o — P
= - — =
0 . I E . o | mo |Etom |rerg
)] 9] o + T
— 0] — IS o
o > O 0] >
E - O ~ > o]
© 5] S o) — g
b O — = O o,
3] =8 i [am 49} w0
23 [ HED, 5.0 3.3 25.0 [DMSO, 600 | 210 849 | 678 324
24 glganlllln' 2.5 45.0 |DpDMso, 100 | 210 627 | 520 396

Spray drying conditions:
Aspiration rate: 100%;
Pump rate: 1.80 ml/min.

Example 25: Water dispersible l-naphthylamine:

70% PVP (30K), 20% Pluronic F68 and 10% l-naphthylamine
dissolved in DCM (10% w/v).

The solution was then spray dried at 50°C with ligquid feed
rate at 3.02 ml/min. An off-white powder with 10 wt%

(theoretical) 1-Naphthylamine was obtained.

The powder was redispersible in water with a particle size Z

average measuring 19.8 nm.

Example 26: Water dispersible climbazole:

70% PVP (30K), 20% Pluronic F68 and 10% climbazole dissolved

in Chloroform (2.5% w/v).
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di ssolved in DCM (10% w/ v). 10 The sol ution was then
spray dried at 50Cwith liquid feed rate at 3.02
waorkdosions71An of f -white powder with 10 wt % (t hepePEPDaAIN56560
1- Napht hyl am ne was obt ai ned. The powder was
redi spersible in water with a particle size Z 15
average neasuring 19.8 nm.sExanpl e 26: Water
di spersi ble clinmbazole: 70% PVP (30K), 20% Pl uronic
F68 and 10% cl i nbazol e di ssolved 20 in Chl oroform
The2 sb¥awivh “WAB 2008/ Gpa212 IRCECIER200D0056560h 158uTkie feed

ol utiqn s.then spray .dried at 10QC wi.ith |iquid feed
roi ac 3P R RV EOHGRder WL H 1 it o
(thiheereldaal k1chivahazel ewagrebtiaiaed. 5 The powder
was redispersible in water wwth a particle size Z

average neasuring 166 nm Exanple 27: Water

i BERRa Rl at LT 10 1R AL R, g1z ¢
aviea2¥%e wereudiisgollvednon 20 M DCM to produce a pale

brown translucent |iquid. This solution was then spray
dried at an inlet tenperature 15 of 160C and a punp

Exrg_%eob 73. @:arﬂe/ﬂﬁdri-sEEli%im%u w—"tg@ad&hﬁmi;t e/ gal e
roauce a

cl ear dispersion at a concentration of 1 ng/m. The

I sper,sions ;parti.cl e si.ze measured b tsee
o0, T O SR GG, %D ISRt 09 %S
129i0ze)y Pwas kound 20 ke r@4 .4l spmlviekanpl @ 0281 Dicmopal produce

SOPI M (three solvent systen surfactant
a pale brown translucent liquid.

This solution was then spray dried at an inlet temperature

of 160°C and a pump rate of 3.6 ml/min.

The resulting dry, white/pale brown powder was redispersed
in water to produce a clear dispersion at a concentration of
1 mg/ml. The dispersions particle size was measured by DLS
(see particle size trace below). Z-average (mass based size)

was found to be 94.2 nm.

Example 28: Tinopal SOP™ (three solvent system/surfactant

carrier)

18g of cocoPAS were dissolved in 240ml water and then 185ml
of ethanol was added. 2g of Tinopal™ SOP was dissolved in
240ml dichloromethane and then 18bml of ethanol was added to

the resulting solution.
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carrier) 25 18g of cocoPAS were dissolved in 240m

wat er and then 185nl of ethanol was added. 2g of
waeepad7TM SOP was di ssolved in 240mL di chl or BOEEPBNB056560

and then 185mL of ethanol was added to the resulting

solution. 30 WO 2008/ 006712 PCT/ EP2007/ 056560 -52 The

two sol utions were conbi nedrand spray-dried using a

Buchi mni B-290 with inlet tenperature set at 125C

and a 10%punp rate to give a pale yellow powder. 5
Th@ht@bsaeﬂ&td@n@fwbm@ @bnbh@eﬂOW@drs@mﬁq~bmﬁe@fuwam@raa

nanopart.i c| ize of | 9nn1 Zave) was obtained. _,

BRI oG- 20t THE ETQ G BTEGRTGREs Sy Ay 125°C and a
1 03Ufagt antce Gar rgle;re) al@aQe697eE\wa( Maw3@K)., 0. 39

TweenTM 40 and 1g vitamin E were dissolved in 70ndl

et hanol. The resulting solution was spray dried using

[ [ t e let e

On d%%%%rsqb% gﬁglﬁﬁg%Q'%%% d%gtéhg &s%e%ge%g&g
naapphaexiitdelsy z8. 6 fm2/1ginm Eb@epr@dmcbbwainﬁacovered as

a dry white powder which was redispersed in water to
a concentration of 1 ng/m and the 20 particle size

ExX4a512E29Ur ofi tshig B MU NGIE HeDarst ARG i dt 4@rPEctant

L7 Nnm( £Zave) I:X?lﬂple SU. vilalllnh E acelate (SITigl e
sol vent / pol §@g¥ier) surfactant carrier)

0.6g PVP (Mw 30K), 0.3g Tween™ 40 and 0.lg vitamin E were

dissolved in 70ml ethanol.

The resulting solution was spray dried using a Buchi mini
B-290 system. The Inlet temperature was set at 150°C and the
pump rate adjusted to approximately 3.6 ml/min.

The product was recovered as a dry white powder which was
redispersed in water to a concentration of 1 mg/ml and the
particle size was measured using a Malvern Nano-S and found

to be 17 nm (Zave)

Example 30: Vitamin E acetate (single solvent/polymer +

surfactant carrier)

0.6g HPC, 0.3g Tween™ 40 and 0.l1lg vitamin E acetate were

dissolved in 70ml ethanol.

The resulting solution was spray dried using a Buchi mini



25 0.6g HPC, 0.3g TweenTM 40 and 0.1g vitamn E

acetate were dissolved in 70m ethanol. 30 The
W0 e@alodé7my sol ution was spray dried using a Buedi/EPZ007/056560

WD 2008/ 006712 PCT/ EP2007/ 056560 -53 B-290 system

The Inlet tenperature was set at 150C and the punp

rate adjusted to approxi matsely 3.6 m/mn. The product

was recovered as a dry white powder which was 5

redi spersed in water to a concentration of 1 ng/m and
B-UE spartieinc| &hei Zelwas treasurcedresivag acvblvendoNanens the

and found ,.to be 94 nm e 2Q0 6712
Puﬁ‘@TFE‘%fo@?ﬂ@%é@éjo ©. 5%P &AF%@V?Y % ?8@&&%% or maki ng
contra-sol ubl e nano-di spersions of at nost
sparingly-soluble materials in a soluble 5 carrier
Thea PaoCaIC te aasT |r§|c|@getr1¢é1 seps datv: whilite peodiedi wgigh was
reHi1gLe AASE WXL @0 2)B30LYG0L Qfe & WM 8ref the
bl'e sol vent's foab east one car
paﬁﬁheﬂeab1&@|wbEeMeﬁsuS@bvaﬁhn©ah,N&&N@r@&NﬁmerS and found
mat eri al being also contra-soluble to payl oad
ton&?eﬁlaP“Kéfagﬁd solid at anbient tenperature, 15 c)
at | east one payload material which is soluble in

solvent (a), and, (ii) drying the m xture to renove
sol vent (a) and



t hereby obtain the carrier material (b) in solid 20

formw th payload (c) dispersed therein as
wmanepad7iti cl es. 2. A process accordi ng to cl ai P€WEP2007/056560

wherein the solvent (a) conprises one or nore of

di chl oronet hane, chloroform 25 nethanol, ethanol

i sopropanol, isobutanol, f@gymc acid, acetic acid,

formam de, N, N-di nethyl fornmanm de, aceto-nitrile,

ethyl acetate, nmethyl ethyl ketone, acetone,
CLpgMSahydr of uran, and di al kyl sul phoxi de. 30 3. A

process according to claim1l wherein the carrier (b)

conprises one or nore of Polyethylene glycol (PEG,

1.P0|¥Ngﬁ%be%%CQ%ankﬁy » RRINPEI-RY R O hisdene i (B¥Rkions of
WO 2008/ 006712 PCT/ EP2007/ 056560 -55 hydr oxypr opyl
cel lafil 96t Bparsgproppl Wpdehyltealibdisose & HPMERLe
al gi PEG PPG.al k : on-.i.oni surf.act ant,
PEGfé§%§ﬁ5|g%gﬁ%l%%ig%é%?ﬁggﬁghgﬁeagg%gfi%f'non-ionic
surfactant, alkyl sul phonate surfactant, 5
et her - sul phat e surfactants, ester surfactant and

cat i gnli c PEOMREEEENE. SARIASDPEEESs TaddHr G g ‘to claim 1

wherein the carihoghehl) o CAMRIIEeSe 1 @)isdlipheashi1rets,
of : pol yet hyl ene glycol (PEG, polyvinylpyrrolidone
(PVP), poly(2-ethyl-2- oxazaline), polyvinyl alcohol
(PVA) hy%yoxyg&pe%%1 cel | ul ose .and

y

ial luble 1
hydroxypr&pyl-neth S EMfuIrssd s Fﬁﬁﬁffa, gng%aFe}n
and, solvent (a), said carrier material being also
contra-soluble to payload material (c) and

solid at ambient temperature,

c) at least one payload material which is

soluble in solvent (a), and,

(ii) drying the mixture to remove solvent (a) and
thereby obtain the carrier material (b) in solid
form with payload (c¢) dispersed therein as

nanoparticles.

2. A process according to claim 1 wherein the solvent (a)
comprises one or more of dichloromethane, chloroform,
methanol, ethanol, isopropanol, isobutanol, formic
acid, acetic acid, formamide, N,N-dimethylformamide,
aceto-nitrile, ethyl acetate, methyl ethyl ketone,

acetone, tetrahydrofuran, and dialkylsulphoxide.

3. A process according to claim 1 wherein the carrier (b)
comprises one or more of Polyethylene glycol (PEG),

Polyvinyl alcohol (PVA), polyvinylpyrrolidone (PVP},
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b) at | east one of: al koxylated nonionic's, phenol -
et hoxyl ates, al kyl sul phonates (preferably SDS)

wetbdwsneeut phat es (preferably SLES), ester 20 PCT/EP2007/056560

surfactants, cationics (preferably

cetyl trinethyl ammoni um brom de - CTAB). 5. A process
according to any of clainasi-4, for nmaking a
nano- di spersion of a water insoluble material in a 25

wat er - sol ubl e carrier material conprising the steps
of:hy@kbxgmawm@ﬂn@ealMLb&@neh@ﬁroaypa@paqUe@mﬁyéebeéﬂm1ose
for % rrler st. on

PSR P darT e P e PR A RksERre PASrre it ur e

wat e
of %%&Q@%%a%QLV®®@/6@kOW@12QQ%/Q@@Z%Zsurfactant, aromatic
PCT/ EP2007/ 056560 -56 and second sol vent (c), said

car Riogr ipatier isalr fasdiond - s alliky Lats udmbicanit <t éﬁﬁé@@tt@mé ,

) Blegast, 1008 ML AGURIUS see Al SOLIENE M. Ao
second solve m sci bl € 'with ueous 51 v
(a)cbmlb@nmlaumfﬁeda&alvent capabl e of dlssoIV|ng
carrier material (b) and payload (d), and; 10 d) a

payl oad material which is dispersible or soluble in

the amioxtwiee 0f; _gyenus; ol vantin(d) whatd iRoRHad¥eeYS er (b)

solvent (c) but not in aqueous solvent (a) alone,
andcor®rdisies :dryi ng the nmi xture at above anbi ent
tenperature to renove solvents (a) and (c) and
t hereby obtain the

a) at least one of: polyethylene glycol (PEG),

polyvinylpyrrolidone (PVP), poly(2-ethyl-2-
oxazaline), polyvinyl alcohol (PVA) hydroxypropyl
cellulose and hydroxypropyl-methyl cellulose
(HPMC) , alginate, and,

b) at least one of: alkoxylated nonionic’s, phenol-
ethoxylates, alkyl sulphonates (preferably SDS}),
ether-sulphates (preferably SLES), ester
surfactants, cationics (preferably

cetyltrimethylammonium bromide - CTAB).

A process according to any of claims 1-4, for making a
nano-dispersion of a water insoluble material in a

water-soluble carrier material comprising the steps of:

(i) providing a mixture of:
a) an aqueous solvent for a carrier material;
b) at least one water-soluble carrier material

soluble in the mixture of agqueous solvent (a)
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carrier material (b) in a solid formw th payload (d)
di spersed therein in a nanoparticulate form wherein

wo b@spocrduct of the drying step is water 20 di BOEPEB20bT/@56560

to give an aqueous solution of (b) and an aqueous
nano di spersion of (d). 6. A process according to any
of clains 1-4, for nmaking.swater-sol uble
nano- di spersions of water insoluble 25 materials in a
wat er - sol ubl e carrier material conprising the steps
of : (i) provi dinng sacoinxt wod ve't 3@¢)a) sainoraaguieausaterial
sol vent or a 'xtureégf m sci bl.e non-aqueo
v

ol vents b DhSEPosEILs PETrERSaET 50085218 ) at

| east one carrier material soluble in non- aqueous
solvent (a), said carrier material being also soluble
in water Cand 6l il@agtt cagbinent ategperargcends sg)lvgnt said

| east one wat %re'cio%o's%kilv%n%%'e%?ﬁg) %ts%ri%%le W R ous
sol ubl e i n non-aqueous sol vent T Cand, 10 i)
dryi ng the m xburvenabowe ambifenin tenpierat wodvieat capable

renove sol vent (gé_and t.hereby qobtain the carrier
material (b) i°F SOSSELFGFH WeEH 15y 648G tidtlerPal an€e)
di sper sed the?%§q05@_qdnqn%g@ﬁticulate form wherein
the product of the drying step is water 15 di spersible
to give an aqueous solution of (b) and

d) a payload material which is dispersible or
soluble in the mixture of agqueous solvent (a)
and non-aqueous solvent (c¢) but not in

agqueous solvent (a) alone, and;

(ii) drying the mixture at above ambient temperature to
remove solvents (a) and (c¢) and thereby obtain the
carrier material (b) in a solid form with payload
(d) dispersed therein in a nanoparticulate form,
wherein the product of the drying step is water
dispersible to give an agueous solution of (b) and

an aqueous nano dispersion of (d).

A process according to any of claims 1-4, for making
water-soluble nano-dispersions of water insoluble
materials in a water-soluble carrier material

comprising the steps of:
(1) providing a mixture of:

a) a non-aqueous solvent or a mixture of

miscible non-agueous solvents,
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an aqueous nano di spersion of (c). 7. A process
according to any one of clains 1-6 wherein the drying

W@ @p/oeanpr i ses spray drying. 20 8. A process BCT/BPTTI6560

to any one of clainms 1-7 wherein the redi spersed

product of the drying step has a particle size of

500- 2nm (expressed as a di.aneter) when neasured using

a Mal vernTM " Nano-S apparatus. 25 9. A process

according to any one of clains 1-8 wherein the

payl oad iat er iaal lkasta onat ermrsdleubirlbiteyiefl Bellowle in non-
5g/L. 30 10. A process 3ccordin to any one . of c

100 wherein CROPUSISEITE 0 (THe APYENG eean hag e 1al

sol ids contenteidly 1:8%% LRAMAUWMin WOL2Q08HB06A124 at
PCT/ EP2007/ 056560 -58 11. A process according to any

one of cl ai s AMPEGNRhéEEIT L atthi@epr oduct of the dryi ng
step conprises payload material of which at | east
50%w is in a crystalline 5 form
c) at least one water-insoluble payload material

which is soluble in non-aqueous solvent (a),

and,

(ii) drying the mixture above ambient temperature to
remove solvent (a) and thereby obtain the carrier
material (b) in solid form with payload material
(c}) dispersed therein in a nanoparticulate form,
wherein the product of the drying step is water
dispersible to give an agueous solution of (b) and

an aqueous nano dispersion of (c).

A process according to any one of claims 1-6 wherein

the drying step comprises spray drying.

A process according to any one of claims 1-7 wherein
the redispersed product of the drying step has a
particle size of 500-2nm (expressed as a diameter)

when measured using a Malvern™ ‘Nano-S’ apparatus.

A process according to any one of claims 1-8 wherein
the payload material has a water solubility of below

5g/L.

10. A process according to any one of claims 1-9 wherein

the feedstock to the drying step has a solids content

of less than 5%wt.
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11. A process according to any one of claims 1-10 wherein
the product of the drying step comprises payload

material of which at least 50%wt is in a crystalline

form



